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_ PREFACE TO THE FOURTH EDITION 

Th£ BSCEFTION of TMT last EDITION OF THIS BOOK WAS FA* WID^ 
than I had anticipated and this edition also was exhaust^ 
witnin a very short time of its publication as were the 
previous ones and the book had to be out of market for a 
wnsiderable lime disappointing umumerable lne^ who 
were eaiser to have a copy ol their owm The book was 
bought right Irom Chief Engineers down to subordinates and 
not only from aU corners of Indio but also from abroad. 

The task of compiMog and revising such a voluminous 
book dealing with so many subjects has been a very arduous 
one and has now taken almost ten years of hard and ceaseless 
labour which involved the review of virtually all cu^ent 
literature, within the scope of the book, in the field whatever 
1 could gather, and study of construction methods usmg ^ 
latest techniquei, wherever 1 could manage to go. I have iriM 
to consult the best available sources of informatioii; great 
help has been derived from the latest publications of ou^tand- 
mg^^authors, works of the various research Imlilutio^ a^ 
from the technical instructions and 

from time to time by the various Public Works Deplts, in 
^ aiyabroad where I had bad the opportpmtiea of 
working and team mg The book attempU, therefore; pxe- 
sent the collective experience of a large b^y of experts and 
I £ve to acknowledge my ^3 

from whom I hav^ borrowed so profusely, for all Vi hat has 
been reproduced. ‘ ^ ^ - t 

Everyday proettce may be variable 
stm thi^^k gives the basic ^ 

is essential for a Civil Engineer. In view of the dem^d 
the hook from engineers of all gr^es, the subject matters 
have been oresented in such a manner and sequence so as to 
^ter to? a w^^rof readers. The aim has been to ma^ 
the information sudiejent tor all normal work likely to be 
enwiite™: SJdllV te as defUiite u possible ta every case. 

The nresent edition has been fully revised, a lot mare of 
usrfildatr^at“er 1 could gather from the various sources, 
iSf Sid^ s^dVte ^ ot the book oonsidejsbly 
ed^ S^estions received from 

ment offts usefulness have also been meorporated as far as 
feasible. 

Nov., 1957 


p. N. Kuahna 




INDIAN PRACTICAL CIVIL ENClNCZltS’ HANDBOOK 


From the 

PREFACE TO THE FIRST EDITION 


Tins BOOK HAS BEEN COMPILED PRIMARILY POR THE “PRACTICAL 

man" and should prove a most useful work of reference to the 
young wgineers of the various Public Works Departments. 
The object of this volume Is to give a fairly complete but 
concise account of the various subjects to serve as a ready 
reference for everyday-work problems which constantly con¬ 
front the engineers, whether in the office or in the field, 
without having to wade through numerous books and notes. 

All possible efforts have been made to make the book 
comprehensive and complete by itself, packed with as many 
details as possible, elucidating in simple and plain language 
the engineering principles in sufficiently practicable and most 
easily applicable form free from advant^ mathematics. 

My grateful thanks are due to my numerous colleagues 
and friends for the valuable help given me in making avail¬ 
able the various details required for my work. Particular 
appreciations are expressed to: Mr. Percy M. Otway, M.Am. 
SOC.C4L, M.i.Mech.E., M.i.struct.E., r.c.s., etc., of the Minist^ 
of Transport (Roads Organization), London, for the most 
valuable help rendered in my collecting the data for the 
modern methods of road building and taking me round per¬ 
sonally on works to show the various field processes as used 
in that country; Col. W.P. Andrews, m.c., of the Cement and 
Concrete Association, London, for similar help given as regards 
concrete works and making available their latest literature on 
the subject; the Secretary, Indian Roads Congress for his kind 
permission to reproduce the various Standards and other useful 
information produced by them. 

Very UtUe originality, no finality or perfection is claimed. 
I shall gratefully appreciate the readers who will kindly call 
attention to any errors of ommission or commission or give 
valuable suggestions for improvement of the book to enhance 
its usefulness. — 


P.W.D., Patiala. 
Feb., 1953. 


P. N. Khanna 


As AN ABSOLUTE ACCURACY OR FREEDOM FROM ERRORS OF A WORK 
conUming such a mass of figures and daU cannot be hoped 
although greatest care has been exercised in its preparation, 
fij^rn for all important design works should be checi^ with 
the theory. 
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No. 22748/n/E2PLX5. 
ARMY HEADQUARTERS. 
Engineors-in-Chief 8 Branch, 
DHQ, PO NEW DELHI— 11 
27 Feb.. 58. 

I am directed to acknowledge with th^jw the rw»pt 
**Indian Practical Civil Engineers Handbook by Shri 
Khanna_lam sure this will be a valuable asset to Engineer- 

in-Chief s Library. 

Q ciHnta for Major-GeneraL 

CouIa ENGINEER-IN.CHIEr 

Chief Engineer, Air Force Worka ^ ^ ^ 

No. 1828/1/696/El 
Office of the CWE 
Port Box No. 48. Meerut 
10 May, 1956. 

It is a very useful book. Information on ^ ayects of 
engineering is presented in a conci^ me^odM»l 
r^ach manner It should prove of great value to toe field 
SglneSs in providing solutions to day to day problems in 

engnieering. 

Lt Col. N.S Bhagat 
Commander Works Engineer. 

. 

I have gone through the book very minutely and 

found it‘one of tS best reference ^2“ ? 

across. I have no hesitation in recommending this uscfia^k 

to be on the dwk of every Civil Engineer for his everyday 

.” M.K. Majumdar, a.m. ascc. (u.8.^). 

MJLCt (U.8.A-), etc., 

Dated: 18-4-56. , , CalcutU. 

• • * * 

"I find the volume to be extremely informative". 

GD. Seshadri, B.t, B.5.E., 
Asst ExecuHoe Engineer, W. Bengal P.W.D. 
Dated: 20-6-1954 

• ••••* 

"A very Handsome Book. An ever ready Solver of an 
Engineer's doubts.** 

M.S. Rao, B.X., M.I.X., 

Dated: 1-4-58 Chief Engineer, Hyderabad- 
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^The Handbook is Indeed a Treasure House of useful 
InfOTTnation for Students, Junior Officers and Senior En^neers 
as well. I congratulate you on. bringing out a publication of 
this kind." 

E. Viraraghavan, a.E.t m.t.e,. 
Dated: e^-l95S ^upeHntendmg Engineer, Hyderabad, 

“It contains very valuable Lnfoimatlon regarding the 
practical side of Civil Engineering as met with in day to day 
works. The Author deserves congratulations for this construc¬ 
tive attempt." 

K, Gopbiath Rao. 

Ho. 12095 Ejccutiue Enflfneer, City Dlvn, P,W.D. 

Dated: 17-4-1950 Jaipur^ 

"-Far professional engineers it is a very reliable refer¬ 

ence book. The author has collected a very useful fund of 
informetion and deserves our heart-f^t congratulations. The 
printing and get up of the book are excellent."' 

Vishram Puri, b.e., a m.i.e., 
Executiz7e Engineer, P.W.D.* Br/R., 

Dated: 3(}-2-19dfi Sri Ganganagar. 

. .1 have to say that the Book is a very handy refer¬ 
ence book for day to day problems which face an i^gineer 
and la one of the best Indian boohs practical use I have 

No. 3 fBj—S/52/17&8 Roi Bahadur, F.C. Jali, 

Dated: 1-9-1953 State Engineer, Sikkiin, Gangtok, 

come across." 


'The Indian Practical Civil Engineers" Handbook is of 
great help to constructional Engineers and Subordinates. It 
contair^ practical hints of great value which will benefit all 
practising Engineering either in theory or practice." 

Ho. M/S/SO/95'1. 4S'upertntending Engiuee^ 

Dated: 3-S-1953. Southern Assam Circle, Agartala. 


"Indian Practical Civil En^eers" Handbook by Shrl P.N. 
Khanna is really a vast eoUection of data not generally found 
in any one text^book. The book is sure to be found useful by 
any one interested in Engiueering activities...." 


ICN* Misra* CJt* (hons.), 
No. 2e3e/e-TP/1953 A.M.L*., A.K-A,aCE., A4WAT.P.; 

Town and Village Planner to Government U P 
Dated: 25-7-1953 


INDIAN PRACTICAL CIVIL CNdNEERS’ HANDBOOK 


II 


“I have gone through Indian Practical Civil Engineers’ 
Handbook by Mr. P.N. Khanna. The book is really very useful 
for everyday purpose . 


I congratulate the Author on having brought out such a 
magnificent Handbook containing within its covers conciro 
information on a variety of subjects so useful to the Civil 
Engineer.” 

G.D. Joglekar, 
B.t, A.M.LC.K. (LOND.), 
No. CED/1316 of 1953-54 Executive Engineer, 

Dated; 28-7-1953 Distt Local Board. Thana. 


”I find the book really useful both as a Handbook and as 
a ready reference book. I recommend it to all Engineers." 

No. 4652 Hari Dutta Gupta, b.sc. c.e. (Hons.), 

Executive Engineer, P.W.D., B. and R., Jaipur. 
Dated: 27-7-1953 

• ••••• 

“....I could confidently express that it is a very useful 
book especially for the practical Engineers. It is not only a 
•Refresher’ type of a book put also a ‘ready reckoner’ on 
various Engineering matters. 

I wish you all the success in your enterprise.” 


D. Satyanarayana, 

Dated: 24-8-1953 Garrison Engineer, Poona. 

• ••••• 


”... .1 am glad to inform you that I think your publication 

“Indian I^actical Civil Engineers’ Handbook” is very useful. 

It gives me great pleasure to write to you that after going 
through your book I rightly could feel that it is a commend¬ 
able adventure on your part towards publishing such book 
in Engineering in the form of Handbook which is definitely a 
great l^n for persons engaged in Engineering profession.” 

K. Prasad, b.sc. (Eng.), a.m.i.e., 
Dated: 6-10-1953 Executive Engineer, Dumka (S.P.) 

“The copy of Indian Practical Civil Engineers’ Handbook 
which 1 purchased from you some months ago has been of 
immense help to me. It b probably the best l^k on the line 
in the market.". 

A.K. Barua. 

Dated: 18-12-1953 Executive Engineer, Asam P.W.D. 
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"‘The Indian Practieal Civil Eneineen‘ S^nabook by Shri 
PJ4. Khanna U an indispenaable companion to younf engineers 
both on and ofT the field. Simply a splendid mirror to all 
knotty problems o! Engineering elements. 

The Master author should be richly congratulated dd his 
arduous task of prc4ucine this master-piece.... —" 

M.R. Dharmaiah, B.E., 
Dated: 10-9-1954 dast. Enpinecr, P.W.D., Shimoga. 

# * * 4 • > 

“1 consider the Indian Practical Civil Engineers' Handbook 
as one of the moat valuable comollation for day to day busi¬ 
ness of Engineers in profession. You have really done a great 
service to the profession by pooling together in handbook so 
much information."' 

Nandkishorep 

Dated' 25-9-1954 t/nioersitv Ertpineer^ Patna. 

****** 

",,.,The books are quite useful for day to day refer¬ 
ences, Attempt has been made to cover all phases of Civil 
Eopineerintf." 

No.' ISO/ie-thJb. S.S. Lamba^ M.3. Co.s,a,>t a.c.t.» 

Dated: 10-9-1954 Senior Derign Engineer, Bhakra Dam. 

• *•••• 

"The book is indeed very useful to the practising Civil 
Engineer as al^ to the student undergoing practice training 
in each and every branch of Civil Engineering*', 

B.S. Chettt M.A., B.SC., (CNC.K MXt, 
Dated: fi-19-1954 Rtd. Deputy Chief Engineer, SJ, Railtaag. 

'*Very valuable information usually needed for the Engi* 
neering profession has been collected in a concise manner. 
The author deserves to be congratulated for publishing such 
useful book,, 

Dated: 30-9-1954 E.L. Athavale, b-sc., b.e., 

Executive Engineer, P,W.D. and Irrtpation* M.B. 

".,,,The Indian Practical Civil Engineers^ Hand book Ii 
an estcellent referesioe book and EUb a long standing need for 
such a work. I heartUy congratulate you and thank you. Your 
labour has been weU spent". 

No. I/G/19/2304 D D. MehU, C.E., M.Lt, 

Dated: 12-2-1955 Execiittoe Engineer, Devigarh DivisiorL 


INDIAN PftACnCAL CIVIL CNCINCEKS’ HANDBOOK IS 


*This is really a very good book.” 

Dated; .2-10-1954 P.B. Sarkar. 

Superintending Engineer, P.W.D., Agartala. 


■ “....I have seen the book—Indian Practical Civil Engi¬ 

neers’ Handbook.... and congratiUate you on bringtog out 
I such a useful mine of information on Civil Engineering for 
Indian Engineers. I believe, this is the only attempt made in 
India after Sir Ganga Ram’s Pocket Book . ” 

Rai Bahadur Brij Mohan Lai, I.8.K., 
Dated: 18-11-1954 (Chief Engineer, Punjab, P.Vf.D. B/R). 

”....! find this book extremely useful as it contains a 
vast portion of tables and information on all subjects. It is 
reaUy worth having for every engineer in his field of work.” 

B. Atchutarama Sarma. B.K.. A.M.LX., 
Dated; 5-4-1955 Executive Engineer, P.W.D., Bellary. 

”....we have cursorily gone through the above Publica¬ 
tion and find the same exhaustive, up-to<Kiate and well versed 
in present day methods of construction. We are confident that 
this publication will certainly be helpful to Indian Engineers 
and others.” 

B.S. Jamshedji Aga, rjtxsjL, 

ML STRUCTJL, rJLLA., M.l.K. 

J. Burjor Aga, m.inst. k.a. (lond.), 

L.S.I.B.A., C.D.AaCH., KTC. 

• ••••• 

**I hope that the same high standard of the “Handbook” 
has been maintained in the “Supplement” also, making the 
book a really useful reference book.” 

S. Subrahmanyam. b.k.. a.mxs.. 
Dated: 5-6-1957 I>istt. Engineer. S. Railway. 


“The book contains useful information on nearly every 
topic that a practising engineer is required to deal with and 
ahould prove extremely helpful.” 

L.T. Aminbhavi, 
Prof, of Civil Engg. and Head of C. Engg. 
10-9-1956 Deptt., College of Engineering. Poona. 


V 
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‘The book is ve^ useful for day to day working in any 
branch of Civil Engineering”. ^ o u 

No 2239G Gurcharan Singh. 

Dated: 17-7-1956 Eiecutine Engineer, 

Roads Construction Divn., Sirsa. 


*•_I find the book to be of much um to Engineers who 

are to deal with various branches of Engineering.” 

A.K. Sen, 

Dated: 13-11-1954 Ezecutiue Engineer, P.W.D., Agartala. 
*••••• 

‘1 find the book to be very useful to practical Engineers 
in the profession". 

No 6725 Ezecutire Engineer, 

Dated: 18-8-1956 P.W.D., B/R, Alwar. 

• ••••• 

“... .It is an excellent Handbook for reference-” 

Dated: 10-8-1956 ^ 

Ezecuttve Engineer, Dhanbad Divn. 


• ••••• 

"The book is a real mine of information useful for the 
Engineer both in the field and in the office. Shree Khanna 
should be congratulated for bringing out such a compilation 
which covers all fields of Civil Engineering.” 

D.V. RaO. B.E.. A.M.I.C., 
Dated: 29-12-1956 Ezecutire Engineer, B/R, Jabalpur. 

• ••••• 


T have gone thro. I.P.C.H. with great interest. The book 
contains innumerable practical hints and data. I strongly 
recommend it not only to the practising engineers but to all 
Civil and Architectural Students also.” 

Dated: 6-9-1956 N.K.R. Moorthy, ksc. (encg.), rjLE.s., 

No. 1909/56 Principal, College of Engineering, MaduraL 

• ••••• 


"I have seen your Indian Practical Civil Engineers* Hand¬ 
book 3rd edition 1957. 

I reaUy congratulate you for having collected so much 
useful information for a Civil Engineer in one volume. A 
Book of this kind was really needed and yours is a definite 
success..." 
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The following abbreviations have been generally 

used: 


c.. 

cube 

lbs., 

pounds 

cm.. 

centimetre 

m.. 

metre 

cwt.. 

hundredweight 

md.. 

maund 

ft.. 

foot or feet 

mm.. 

millimetre 

gr., 

grains 

oz.. 

ounce 

in., 

inch or inches 

»q.. 

square 

kgm.. 

or kilo., kilogramme 

wt.. 

weight 

km., 

kilometre 

yds.. 

yards 



l/2 INDIAN PRACnCAI. dVIL 


ENCIKEEas' handbook 
I. WEIGHTS 


Bri^h—Commcrdal 

Avcirdi^H^ ivtjgfits 
^7*34grj3ins=i dram 
t6 drams 
i6 oxinces 
14 pounds 
s stones 
4 quarters 
2240 lbs. 


= t ounce 
=?i pound 
stone 
quarter 
=j 12 Jbs, 

= 20 tWtS* i=±I 


437-5 grs. 

7000 grs.==o .454 tgni. 


Ttoj used for gold 

4S0 grains = t 02. troy 

= 1H 097 02* avoir 
12 ozs. t?i I lb. troy 
(obsolete) 

=o.8a Jb. avoir^57^ grsj 
Apotheraritj^ Wfighis —used for 

20 grains =t scruple 
3 scruples dram 

S drams =ioz. (troy) 

12 ozs. lb. =5^gr3* 

Indian Baaar Weights 

8 rattles 
12 znashas 


cwt.=i md. I5 5 eeia 
ton =i= 27^22 mds. 

and sUver (partly obsolete) 

t75ibs*troy^ 144 Iba. 

avoir 

100 lbs. troy=82fibs, avoir 
I maund 

medicine 

The avoirdupois, troy 
and apothccarici grain 
are all of the same 
weight. 


5 

4 chhataJts 
4 po^ahs 
40 seers 
too maunds 


Amezicans 

Units 

2000 lbs. 

= t ton = 

looo Jbs* 

— I Bp 

too lbs*. 

= I CWt. 

2*2 lb?* 

>=i kilo. 


= } masha 

tola wt. of rupee coin =180 grs* 
=0'4f 02. 

*=1 chhatak = 2 /^o 2 a* (avoir) 

= I powah = 8*2 OKS. 

= r seer = 2^ Jbs* (avoir) ^ ^ q,, 

= . md..S=S Ite. (.voir)' =oM^ 
=3*673 tons ^ 


907* 1S5 kilos* 
45*36 kilos* 
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I Bmish ten =i. J2 U^S. tons 

2000 lbs. short ton 

2240 Ibs^ =i long ton (British ton) 

The English and U.S. pound b about the same» 

Metric System 

10 milligrains = I centigram 0.15 grain 
10 centigrams =1 decigram 
10 decigrams digram = J5.43 grs. 

TO grams decagram 

lO dccagrains =3i hoctogram = 3.527 oz 3 » 

10 hectograms = i kilogram = 35.27 ozs* *=2.2 ibs, 
TOO ktlograms ^1 quintal -^i i.gbflcwts. 

] ,000 kilograms ^1 tonne = 0.984100 

I grain o.oG.^ gram= 64 .3 milHgrama 

1 oz. (avoir) = 28.35 grams 
I Ib (avoir) = 16 ozs. or 7000 gn. ^ 0*454 kgni.. 

I cwi. =i i ta lbs. j=z 50.802 kilogrami 

I British ton (long ton) = 1.016 Metric ton (tonne) 

= 1016.06 kilograiits 

(dekagram ^decagram; gr^=gramme; 
kilogram=ki logrammc; milligram ^milligramme) 


2. LINEAR AND SQUARE ME.ASURES 


British 

12 inches = i foot 
3 feet = I yard 
5^ yards *= t rod or pole 
220 yirds=^ 1 furlong 
8 (urlongs = t mile 
5000 ft. = I canal mUc 


Cuntfr's SisTV^mg Chain 
7*92 inches 2=1 Jink 
[ chain ^100 links 
=4 poles=22 yards 
10 chains furlong 

100 chains =t acre 


1 micrO’inch = 1 millionth of an inch. 


Geographical and Nautical Measures. A nautical 
or sea mile is the distance on the earthy's suxikee at the 
sea level of one minute of arc of longitude of earth at the 
equator. This is about 6087 ft. (2029 yds.). The statute 
(or land) mile is 5280 ft. but the British nautica] mile is 
6080 ft. (5280x1.1515). The Intcmadonal nautical 
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mile is 6076.12 fi* or 1&52 metres which is not accepted by 
the hrittsh Admiralty. The Admiralty use the relation; 

6 lt.= I fathom; 100 lathDrns= i cable length; in cables 
arc approximately t nautical mile; 3 nautical miles 
= 1 league. 

Tlic Admiralty knot is a rate and not a distance: 
I knot is I nautical mile per hour =1.1515 miles (land 
miles) per hour = i ^ 853 kilometres per hour* 

United States Coast Survey Department take 1 nautical 
inile=6o36.07 ft. or 1.152664 statute or Land miles. 
Square Measures 

144 sq. Insv =i sq. ft. 

9 sq, ft. =1 sq. yd, 

3oi sq. yds. = 1 sq. rodj pole or pcrch^272i sq, Tl 

40 sq, rods or poles =[ rood^ 1210 sq. yds* 

4 ro^ =160 sq. rods=i acre ^4840 sq. yds. 

^43560 sq* ft.»=i 00 ' sq* chains (Guntcr^s) 

640 acres = 3097600 sq* yds. = i sq, mile 

Ad acre is the area of a square measure 208,71 feet on 
a dde. 


IndLLaii Land Measurea 

Btmitqy Measure of Land 
Linear 


1 inch 
24 tasus 
li gajas 


^ j tasu 
" I gaj 
= I yard 


anna = 60 i\ sq. ft* * 


j6 annas = i guntha=To&9 sq* ft* 
40 gunthas 1= i acre 

Assam Measure of Land 

4 sq* cubiLs=9 sq. ft. = i Itani 
16 kam5=l6 sq. yds.= i locha 
20 lochas 1=2880 sq. ft*=i katha 

5 fcathas-: 14^440 sq. ft,= i bigha 

4 bighas=t pura; 3.025 highas. 


Square 

1 kathi =. 39J sq* Cubits 
= 500 sq* ft. 

20 kathis = 1 pand 
20 pauds =; I bigha 
G highas j rukch 
20 mkeheys = i chahur 

I bigha=23 gunthas 
=5^2783 sq. vds 

II highas ^ I acre 


t acre 
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Bengal Measure nj Land 
t sq, cubit 

5 sq» yds .=20 gand^ 
to chhatak =720 sq. ft. 
so kathas 
3.025 bighas 
ig 6 i bighas 

Madras Measure of Land 
2400 sq. ft. 

24 ground =t kam 
484 kani 
isx kani 

U.P. Measure aj Land 
20 invarLsi 
20 kach^aiui 
20 bmansi 

20 bisvas^3M5 sq^ yds* 

Punjab Measure of Land 

225 sq. ft.=g karam or sarsi 
20 marlas 4500 sq. fl. 

4 kanals = 1620 sq* yds. 
2 btghas 

■ 9*68 kanaTs = 4840 sq. yds. 
Metric Measures 
10 m 
10 cc 
to dt 
to m 
lo dc 
to he 
to ki! 


= I ganda 
c* I chhatak 
I katha 

1 bigha «= 1600 sq.^-ds* 
= I acre 
E= 1 sq* mile 

[ ground or manai 
= t. 32 acres (English) 

= ] sq. mUc 

* t6o acres 

= I kachvansi 
= I bbvansi 
I bisva 

= 1 bigha = I acre 

= I maria 

1=1 I kanal 
= t bigha 
I ghuma 

= [ acre=43560 sq. It 


idii metres = 
mtimetres = 
Edmetres = 
letTcs = 

rcametrcs = 
ictometres = 
lomctres = 


i mjcron 
inch 
1 inch 
t foot 
I yard 
I lurlong 
t mile 


1 centimetre 
t decimetre 
I metre 
1 decametre 
I hectometre 
[ kilometre 
= [ myriametre 

= t/iooO millimetre 
milLimetrc 
= 25.40 millimetres 
- 130*48 cm* 

= 0.914 metre 

= 0.201 kilomctresz=' 20[*168 metres 
= 1.609 kilometres (km.) 


0.3937 inch 
3.937 inch 
3.28 fh 
32.81 ft. 

328 f^. ] in. 
mile 

.2137 miles 


=2*54 cm* 
:o* 3048 metre 
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1 sq. inch =6.45 sq. cm. 

=645 sq. mm. 

I sq. foot e: 0.093 sq. metre 
I sq. yard =0.836 sq. metre 
I sq. mile =2.59 sq. km. 


I sq. cm. =0.155 sq. in. 

I sq. metre =10.76 sq.ft 
I sq. km. =0.386 sq. mile 


Sniulry Measures 
12 articles =i dozen 
12 dozens &=! gross 
1 score =20 articles 

3- 

British 


1 quire = 24 or 25 sheets of paper 
20 quires = i ream 
I ream =480 or 500 sheets 


CAPACITY’ 


Dry Measure 
1728 c.in.ts' 1 c.ft. 

27 c.ft.= i c.yd. 

=21.02 bushels 
I bushel=4 pecks 
= 1.28 c,ft.=8 galls. 
8 bushel = I quarter 
2 galb.= i peck 


Liquid Measure 

60 minims=i dram=90 drops 
8 drams = i ounce (oz.) 

I teaspoonful=I oz. 

1 dcscrtspoonrul =2 drams=) tola 
I tablespoonful =4 dramsoz. 

1 wineglass=4 tablespoonfuls 

=2 ozs.= i6 teaspoonfuls 
12 ounces =i pound 
4 gillssi pint=20 oz.=| bottle 

2 pints=i quart 

4 quarts=i gall.=8 pints 

=6 bottles 


6.24 galls.=i c.(l. 

31 J galls.= i barrel 

The gallons used in India are the Imperial {English) gallons. 


American Standards 

i|U.S. gall.=i Imperial gall.s3.78 litres=23i c. ins. 

I Imperial gall. = 1.20 U.S. gall. =4.55 litrcs=277 c. in. 
Imperial} Metric and American Equivalents 

I c.in. =16.4 c. cm. (cc) i c, cm.=o.o6i c. in. 

1 c.ft. =0.028 c. metre I i c. mctre=35.3i c.ft. 

1 c. yd. =0.764 c. metre I 

1 Utrc=i.76 pints (Imperial)=2.11 pints (U.S.) 

=0.22 gall. (Imperial) =0.26 gall (U.S.)=6i.02 c.ins. 
For capacity and weight of water sec under “Hydraulics’* 
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4. CONVERSION FACTORS 


To Convert Multiply hy 


inch to mm. 

25-40 

mm. to inch 

0.039 

inch to cm. 

2.54 

cm. to inch 

0.3942 

inch to metre 

0.025 

metre to inch 

39-37 

ft. to metre 

0.305 

metre to ft. 

3.281 

yd. to metre 

0.914 

metre to yd. 

1.093 

miles to 1^. 

1.6^ 

km. to miles 

0.621 

oz. to grams 

28.349 

grams to oz. 

0.035 

lb. to kgm*. 

0.453 

kgm. to lb. 

2.204 

cwt. to kgm. 

50.80 

kgm. to cwt. 

0.02 

tons to kgm. 

1016 

kgm. to tons 

0.00098 

U.S. tons to kgm. 

907.18 

kgm. to U.S. tons 
tons/sq. in. to kgm./ 

O.OOIl 

sq. mm. 

*•575 

seers to lbs. (avoir) 

2.06 

maunds to cwt. 

0.73 

tons to maunds 

27.22 


To Convert Multiply by 
sq. in. to sq. mm. 645 2 
sq. in. to sq. cm. 6.451 
sq. cm. to sq. in. 0*155 
sq. ft. to sq. metre 0.092 
sq. metre to sq. ft. 10.764 
sq. yd. to sq. metre 0.836 
sq. metre to sq. yd. 1.196 


acre to sq. metre 4046.9 
sq. metre to sq. acre 0.00025 
sq. mile to sq. km. 2.59 
sq. km. to sq. mile 0.3861 

c. inch, to c. cm. 16.387 
c. cm. to c. inch 0.061 
c. ft. to c. metre 0.028 
c. metre to c. ft. 35*3' 
c. yd. to c. metre o. 764 
c. metre to c. yd. 1.038 

pints to litres 0.568 

litres to pints i. 76 

Imp. galb to Utres 4.546 

litres to Imp. galls. 0.22 

U.S. galls, to litres 3.785 


Specific Gravity 

Specific gravity of solids and liquids is usually expressed 
as the ratio of the density of the substance to that of water. 
The denrity of water is 62.426 lbs. per c-ft. The weight of 
a material a its specific gravityxw.426. 
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5. THE SOLAR S^^TEM 

A solar year is the time in which the earth makes one 
revolution around the sun. Its average dme (mean 
Boiar year)* is 365 days* 5 hours, 48 minutes and 49.7 
seconds or nearly 365J days, A mean lunar month 
(or lunatjDii of the moon) is 29 days* ta horns* 44 minutes* 
2 seconds and 5,24 thirds or 29.53 average. 


Equatorial radius of the Earth 
Polar „ j* *} ,, 

Grcumfcrcncc of „ ** ,* 

Mean distance of the Sun from the Earth 
Max: ** „ „ „ (ist July) 

Min: ** „ *, (ist January) 

Radius of the Sun 
I* ** h 4 oon 

Distance of the Ear th from the Moon 
Length of I degree in latitude: 

^uator 

Pole 

X^ength of I degree in longitude : 

Equator 


3963,3^ miles 
3950,04 ** 
34*900 ** 
92,890*000 „ 
93,950*000 „ 
90*950,000 „ 
424*500 ** 
loSi *, 
a 38 »B 57 „ 

362*750 fL 
366,396 ** 

365,186 *, 


One degree of a great circle of the Earth at the equator 
=60,064 nautical miJes^Gg, 194 statute miles. 


6 . WEIGHTS OF MATERIALS 


Alum 

106 

lbs./c,ft. 

Aluminium, sheets 

167 


„ cast 

160 

1} 

Asbestos 

* 53 —*87 

i-p 

,* board 

75 


*, cement flat sheets J'' thick 


Ibs./sq.fh 

„ corrugated thick 

3 k 

1^ 

Ashes 

a? 


Ashes and coke loose 

30—46 


Asphalt 

88 (av.) 


** masdc* per i" thickness laid 

ti 

lb9./sqit. 
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Babbit metal 

456 

lbs./c.rh 

Bakelite 

00 — 120 

M 

Ballast, brick 

57 


stone, loose ij" (approx) 

90 

vl 

„ consolidated 

120 



185 


Bcaswax 

60 

Pf 

Bitumen 

64 


Bloclcs, boUow, partition 

clay, of thickness as laid 

5-^5 

lbs./sq*fU 

,, concrete ,, 

5.50 


BrasKast 

500—520 

Ibs^/c-ft* 

Bricks-dry 

120 

IP 

Brick-ballast 

57 

11 

Brickvs'ork, ordinary 

112—120 

W 

„ sundried 

too 

>> 

„ reinforced 

1(5—125 


Bronze-Gun metal 

545 


Cast iron ( 430 “ 4 ® 7 )^ 45 ‘> 

PJ 

jj steel 

490 

ir 

C^ent, loose 

75—90 


„ compacted 

iio 

►F 

Chalk 

117—174 

SJ 

Charcoal (^^ood) 

i 9“40 


Chromium 

428 

It 

Clay 

(20 — 130 

IF 

Qiiuer (for concrete) 

go 

PF 

Coal, loose 

50—5& 

tf 

„ dust 

56 

li 

,, steam (Bengal) 

53 

FI 

„ heavy quality 

75“95 

FF 

Co^ Tar 

65 (av.) 

FF " 

Coke 

60—too 

rt 

Concrete, cement (stone) 

130 — 150 

FF 

„ „ reinforced 

150 (av.) 

IF 

ji and cindcra 

I to 

FF 

„ lime (brick) 

[ [2 

Ft 

,j coke breeze 

80—too 


^ clinker 

90 

IJ 

putmee 

5*^70 

IF 
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Concrete sawdust 

70 

„ aerated or cell 

16 

Copper, sheet 

548 

„ wire 

555 

„ wrought 

558 

Cork 

<5 

Earth, rammed 

100 

„ loose 

90 

German silver 

Glass 

5 * 7—555 

rolled plate thickness 

3-5 

»» A * , »» 

^*•75 

sheets ^^0" 

21 

„ „ 

26 

A" „ 

32 

„ crown 

*55 

„ flint 

187 

„ plate 

170 

Gold 

1200 

Grains 

35—48 

Granite 

164—172 

Graphite 

*37 (av.) 

Gravel 

112 

Gum resin 

69 

Gun-metal 

540 

Gun-powder 

59 

Gutta Parcha 

61 

Gypsum 

*44 

Ice 

57 (av.) 

Iridium 

1400 

Iron, ore 

*50—325 

.» pig 

450 

„ wrought (461—486) 

—480 (av.) 

Lead 

707 

„ sheet thickness as laid 

8 

Leather 

53 —8a 

Lime stone 

116—160 

„ „ boulders 

90 (av.) 

„ unslaked 

54-88 


Ib8./C.fl. 

»» 

fl 

lb8./c.(l. 

lbs./sq.ft. 

II 

oz./sq.fu 

tt 

lbs./c.ft. 

»* 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

lbs/sq..(t 

»» 
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X/II 


Lim; slaked, Fresh 
„ „ after lo days 

„ unslaked (kankar) 
„ slaked kankar 
„ mortar 

linseed oil 

» * gaU. 

„ I pint 

Loam 


36—40 


50 

74 


64 


110 

58 

9 i 


1.17 


100 


lb8./c. ft. 
» 

)» 

tt 

lbs. 

Ibs./ciu 


Macadam (binder premix) 

„ (rolled) 

Marble 

girt 

Masonry, dry (stone) 

„ granite 

„ sandstone 

Mercury 
Mica 

Nickel 

Oil, fuel and lubricating 
,, .linseed 
„ turpentine 

Paint>rcady mixed, white zinc 
„ chocolate 

white lead 

„ aluminium or bituminous 
Paper 

Paralhn wax 
Peat 
Petrol 
Petroleum 
Phosphor- bronze 
Pitch and tar 
Plaster, cement 
„ „ 4' thick 

„ lime 

.. r thick 

Plaster of Paris 
Platinum 


140 

160 

170 

100 

T 

too 

140 

849 

177.8 


548 


56 

58 

54 

18 

25 

28 

11 

44—67 

50—60 

40 

42.5 


54 

549 

75—80 

130 

6 

no • 


5 

142 

*342 


ft 

>9 

99 

99 

99 

19 

99 

ft 

99 

99 

99 

99 

Ibs./gall 

>9 

>9 

lb8./aft. 

99 

ft 

99 

*9 

ft 

99 

ft 

lbs./sq.ft. 
Ib8./c.K. 
Ibs./sq.ft. 
lbs./c^. 

99 
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Porcelain 


>47 

Ib 5 ./c.ft 

Pudlo 


42 

ff 

Pumice stone 


25—56 

99 

Quartz 


170 

99 

Red lead and litharge, dry 

132 

99 

Red oxide, dry 


64 

99 

Resin 


50—68 

99 

Rip rap 


80—90 

99 

Roofs—(sec Section 

on *‘Roo6”) 



Rubber 


59 

99 

Salt 


60 

99 

Sand, dry clean 


96—100 

99 

„ river 


>>5 

99 

„ wet 


no—125 

99 

Sand-stone 


>40—175 

99 

Shale 


162 


Shellac gum 


38 

99 

Shingle 


90 


Silica 

Silver 


130 (av.) 

655 

99 

Slag, broken 


90 

99 

Slate 


175—180 

99 

„ i' thick 


> 4-75 

Ibs./sq.8 

Snow, 6xsh 


5 —>2 

lb5./c.ft 

„ compacted 


>5—50 

9f 

Soapstone 


165 


Soda, caustic 


80 


„ silicate 


55 

99 

Sted rolled 

(482-493)- 

-490 (av.) 

99 

Sulphur 


112—128 

99 

Tallow 


57 

99 

Tar 


65 (av.) 

99 

Terra-Cotta 


117—148 

99 

Tin t 


454 

99 

Tungsten 


1180 


Turpentine— i gall 



11^ 

Uranium 


1167 

lb8./c.ft. 
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Watcr-frcsh 
„ sea 

»» * V 

Wax (av. — 6o lbs.) 
Wheat 

White lead, dry 


62.4 

64—^7 

10 

36—112 
48 
86 


j/*3 

Ibs./c.fi. 

19 

lbs. 

Ib8./c.fl. 


I cwt. 
Ib8./c.ft 

99 

99 

99 

lbs./sq.ft. 


Wire-barbed ordinary for fencing —440 
Wood (sec Section on “Timber Structures ) 

Wood fuel 
Wrought iron 

Zinc 446 

„ cast . 428 

„ sheet 44 ® 

„ „ as l^d, 14 zinc gauge 1.59 

„ „ 0.025 in. thick 0.94 »» 

J/oU • The values given in the above table for granul^ 
matcriak such as cement, earth, gravel, sand, |mc really the 
bulk densities and not the weights of the sohd materials. 
Density of material in bulk is affected by the voids between 
the particles. True weight of a granular material is its 
specific gravity X weight of water. 
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MATHEMATICS 

Page 


1« Mensuration .. , ^ .. 2/2 

2. Logajitkms ^, .. »* a/7 

3. Algebraic Formulae . * *. 2/7 

4^ Trigonometry .. a/S 

5. Interest—Simple and Compound *. a/it 


*—SB—r 


MatEemadca] Symbols 
4- plus 

— minus 

— is ecjual to 

is not equal to 
> is greater than 
< is less than 
^ is equal to 

or greater than 
^ is equal to 
or less than 

X multiplied by 
~ divided by 
^ any angle 
right angle 

X is perpendicular to 
since, because 
therefore, hertcc 
() parentheses 
[] bracket 


n® n degrees 
n' n minutes 
n,'^ n seconds 
^ triangle or delta 
CO infinity 
J| is parallel to 
■v/ square root 
Cube root 

Z sum of finite quantities 

0 Phi ) any 

d Theta J angle 

77 Pi =“3 14159 

cc varies as 
is proportional to 
aj a sub one 
a^ a sub two 
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MBNSUBj^TION 

Sqn^e 

Diagonal of a squarcs^sidt \/a=j .414 side 

Triangle 

Arfa=rba5cxj perpendicular height 

a b c arc side 


or y/s{s —a)(s—^bj(3—c) | 


Equilateral triangle 

a V 3 _ 
a 




s—J (a+b-J-c) 

h=hcight 

a^side 


‘v/’l * 

Area= — X a> = 0.433a* 
4 

Isosceles triangle 


Area 

Circle 


Area— 


4 

5r X dia* 


c=ba 3 e 


=?iX radius* or 0^7854 xdia*. 


Circumference*: ud=3.5446V drde 


Dia.=circujji.xo.3ia3=i*ia83\/arca of circle 
Side of a square equal in area=dia.x0.8863 
Side of an inscribed squarc=dia. xo^Soyi 

Length of an Arc (BCD) 

(Also see under **Road Curves”'-) 

8b—2a 


4 

=-„ xairr =^' 
360 


or No- of degrees X radius X 0-01745*^ 
Area of Sector ABCD=:^^g^X nr* 

*: length of arexi radius 

Area of Segment BCD 

■tlhV (a*-f-jb*) or | bdxH 

(approx.) 


2 Area 
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bjha* 
ah * 


hx=r-Vr»-a* 


a=^ E|aT—h) bs^V^rir 


Fillet. Area=o.3151^=0.1075 c* 
Distance of centre of area of > 4r 

a semi-circle from diameter ! ” 3™ 

Distance of cenirc of area of a 

1 _ 

senu-orde arc from diameter 

i * 

Distance of centre of area of 
surface of a hemisphere &om 
diameter 

_ r 
~ a, 




Rhof&bus. Arca=| <li <^1 diagcmals 


Ellipse* Arca^—- Dd D=iiiiijor axb; d—mmor aids' 

4 

(Longaxi 5 X 0 * 7 B 54 =short axis) 

/D^+di (D^^dp 
Perimeter^ tt /— ^^ S'8™' 

V 

Or Fcrimetcr=3* i 4 i&Va (a*+^ . ^ D 

'^3*1416 (a+b)—approx. ™ 3 

Parabola. Arca=ba 3 cxi h(^ht 

Poly^ona. Area of any regular polygon^radius of inscribed 
circle x i number of sides x length of one side. 
Table of Poiycons 


of 

nda 

N«nc 

A degree 

Ama 

S*x 

s=tlx 

3 

Triu^le 

60 

0-433 

^.73* 


5 

FcntBg{Xi 

loS 

1.731 

t, 176 



Heugon 

I3D 

3-598 

1. chno 


8 

OdAgOCt 

*35 

4*6^ 

o.tSs 


to 

Decagon 

' *44 

7.694 

o.6ii 


ra 

Oedec^oQ 1 

ifiP 


0.517 



■rx 


3 464 

^*454 

]. tj I 

o-fiafl 

&.650 

“■543 


A=aagle formed by Intcrsecdoa of sides, S=i3idcof 
potygonj Rsk; radius of circuniscribcd circle. rsaraHiu« 
of inscribed circle. 



























f 




w- 

y? 




'in' 


a 


UATBUIATICS 
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Area^iURi of parallel uid»xi hdg^i. 
Qi«Bjiril»tcnl inscribed in drdc 

')ts—d) 


A^v/(s--a}(s—b)t 

s b c d are fides 

Circle inscribed in fxinn^ 


a+b4-o+d 


s+b+c 


Foe equilateral triangle, 

Circle cir e na o scribed ebont triangle 

a b c _ 

oFtnatigle 


aide 

v ^3 



For equilateral tnaaglc, Radius 
Simpsoxt'a Rnlc 

Divide the area into an equal uumbcr of parallel itrips 
of equal width d» 

A;=—ffirst ordinate + last ordinalc+a (total of all odd 

ordinates) 4 4 (total of all even ordinates)] 

Vohunea and Sardes 


Diagonal of a cube—edge of cube X v^S 
Diagonal of a rectangular soHd=v^a*+b*4c* 
a—length , b=brcadth, c—depth. 


pyi-asaida 


V=iAh 

S=*4p®+A 


A=arca of base, 
h—ht. of cone, 

S —whole surfare area, 
p—perimeter of base, 
s aslant height- 
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Circalar ConcR 
V«|«H h 


wr (v/h*+r*-f r) 
»Area of base-f* (dr* 
cximfcrence of base 
X i slant height) 
Rcgnlar Tetnlicdron 

^_a£^; h«=2aVl 


Ssslant height,■>\/rS4>h* 

perimeter of base, 
raa radius of base, 

S>9area of entire surface. 


S-4*V3 

Wedge on rcctnagnlar base 

V-“( aa+e)- -j(aa+e) 

or Area of base x^h (approx) 

A is area of cross section. 

Spheres 

=o.5a36d*; Area of surface 



.ed« 


Side of an equal cubes diameter x 0.806 
Spherical Sector 

V»| rr* h»2.o94r*h 
SB«r(2h4‘ic) 



c*»a\/h (ar^^) 
Spherical Segment 


Sdotal area of conical 
arri spherical surface. 


V-,h*( r— -^)-,h(-^+ 
Area of spherical surface 


«2ir rh 

c—2Vb (2r—h) 



^'1>\ 

















Spherical Zone 


MATHEMATICS 
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trh / 3Ci‘ , 3C** 


irh / 3C, 

6 \ 4 


+h«) 




Area of spherical surface^Qnrh 
Spherical Wedge 


\ 


^ X 




■C^i 



“ 3 ^” '' 3 

a® 

Area of spherical surface X 4 wr* 

Hollow Sphere or Spherical Shell 

When the thickness of the shell is very 
^myll compared with outer diameter: 

V=wD* h (approx): D is outer dia., h b thickness. 

CyUndrical Ring or Toms 

V=2r*Rr* Dd« 

4 

Area of spherical surface 
*=4 ir* Rr = w* Dd 

Prismoids 

V-^(a.+A,+4 A)) 



End faces are in parallel 
planes. 


Aj A, are the areas of ends. 
A b the area of mid section 
parallel to ends., 
h b the length between ends, 
0/ height. 


Fmata of Pyramids and Cones 


V— -j^A,-f Aj-fV AjA*^ 

Area of ^herical surface 

(P+P) 


s b slant height, 
P, p, are perimeter 
of ends. 
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log i=c 

yn 

log 


LOGARITHMS 


log m to any base 


^ log n to the same base 


log “*=!og m-Hlog nj 
log x“*=in Jog xj 


m 


log -^=]og m—log n; 
n 

_ log X 
log “v'x —^ 


If a»#=b, then x log a£=log b, and x= 


log b 


log a 

kig 5^ ^ 23 I»7180 log .005223=5,71 So 

log .5a23=T.7i8o log .00005223 =st3.7iflo 

log *05223=^.7160 5xE7J0o=f59*<' 

K5«3=—* + ’ 3=^3=—‘ 4777 

algebraic formulae 

64=2'^4“—S* 


, 1 = 1 ^ ^10 * ; 1=^10*'; a"" = l 


to 

1 


a^=^a" ; X 

( —a)*'i=a^; 

_ 

X X“^ X \X/i 

(__a)ia 4 i_—^*«+i 

a® X 


aw-ia“=a®—■ 


“ (»n—n) 

n—(+m)^n+<—m); n—(—m)=ii+(+m)~n+m 
(—n) X (—+ njn; (-Fn)C—ni)= — nm 

(—^)-i-{—b)=a ^b^ + —^ 


(-^)-C+b)={+a)^C-b)^ 






klATHEMATICS 
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(a + b)“=a*+ aab; {a—b) *= a* + b*—aab 
{a'bb)(a—b)i=a*—b* a“+b*^^i^(a-hb)*--2ab 
4ab^{a't-b)* — (a—b)* 

- 

(a+b)*=a*4' 3a*b 4 - 3 ab* -j- b’ ^ a*+b*-t- sab (a+b) 

(a — b)*^a*—3a* b —b*=a’—b*—3ab(a—bj 

(a+b) (a* — ab+b *)=a* - 1 - b*=(a+b}*—3ab (a +b) 

(a—b)(a»+ab=a*—b»^{a^)>+3abCa^> 
{x+a)(a+bj (x+c)=x*+(a+b-|-c)r*+(be-bac+ab)x+abc 

Onadratic EqnatSona 


ax*-(-bx+c=o 
x*-bax—b 


—b * v^b*—4ac 


2a 


— 


+ (“r)' 


x>»+a)£*-b + / b 

V a “V 


►(4)- 


Cubic EqtuitioBi 

X 


X*-t-ax + b=:0 


x+y-., xy_p, y-; = v j^ 


4. TRIGONOMETRY 


A Radian ii the angle subtended at the centre of a 
drdc by an arc whoac length is equal to the radliu. 

I Radianis=57°—degrees. 

If 

Radians. 
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Sin = 


p^. 

hyp. 


Cos 

Tan 


base 

hyp. 

^rp. 

base 


I 

CSC 

[ 

sec 

i 

cot 


Versin A = T —“CM A 
ConvcTsin A=i—A 


Vcracd stn 


hyp—base 


Conversed sin 


^YP 

h yp-^perp 

hyp 


Cot =- 
Sec = 


ba 5 c_ 1 
perp. tan 
hyp. _ t 
base cos 


VcrsinCiBo—A) 

«=a—^versin A 

Conversin (iBo^A) 

=Donvcrsin A 




pcip. 


I 

sm 


(sin a)“^ 


sin a 


The complement of an angle A ^90"—A 
The supplement of an angle A= i8o°—A 

Functioiis of Negative Angles 


sin 

(—^A) ——sin A 


cot (- 

-A) 

■=—co t A 


taxi 

—A) -=—tan A 


sec (- 

-A) = sec A 


CM 

(-A) - 

«* cos A 


C 3 C {- 

—A) ™--cscA 




Fnnetiotka 

of a" axul 

9 *" 



sin 0° 

0 

cot 0“ = 

00 

1 sin go" 

= 1 

oot go° B 

0 

lan 0* 

= 0 

sec 0" =f 

I 

1 tan go* 

±=00 

sec go* B 

CO 

cos 0* 

— 1 

c« 0* = 

CO 

J cos go* 

=±o 

CSC 90* B 

i 


coa‘A=J{i+cos aA)s: sin* A=i(i“COS aAj 
Bin*4'C0«*^=T; i^-taj3*s=tsec*; i+oot*=c5c" 
tin {A±B 5 =sin A cos B±cos A sin B . sin fl 

ooa (A± B)=cm a cm Bf sin A sin B ^“eoTI 


lan(AiB) 


tan Aihtan B 
iTt^ A tan & 


cot 0f<e 


CM $ 

sin 8 


Sums and iHiTerencc* of Ftmctiozia 

sin A-i-sin sin ^ (A-j-B) cos ) (A—“B) 

sin A-sin B=^a cos ir (A+B) sin | (A^B) 
cot A+cm cm i (A-^B) cos i (A--B) 
cn A-CM B-^^ an | (A+B) ^ I (B^A) 










MATHEMATICS 
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, _ sin (A-4-B) . a . n 

tanA+tanBss — A—lan B: 
cos A cc» B; 

sin* A—5in*B*»5in (A+B) sin (A—B) 

008* A—co8*Bs«n (A-t-B) sin (B — A) 
cos* A—«n*B«co5 (A+B) cos (A—B) 

Fmsctioas of bA, and ~A 


sin (A—B) 
cos A <xm~B 


a A^a sin A cos A 


a A=cos* A—«n* A 


«=a cos* A—1 
■= I—a sin* A 

. lA /*—cosA 

tan 1 As J -j- 

■ Vi+cosA 

. a lan A 

1—cos A 

^ ^**1—tan* A 

- sinA 


Sohitson of Triangles 
Any triangle 

Sine formulae: 



where Rt=radius of circumscribing 



ciirie 



a»b cos C+c cos B 
b«c ccM A4-a cos C 
c>sa cos B-fb cos A 


oosA 
cos B 


^ b*-t-c*-a* 

aBc 

c«-fa«-b* 

aca 


Cosine formulae: 
a*»b*+c*—abc cos A 
b^-=c*+a*—aca cos B 
c*«Ka*-hb*—aab cos C 
Ri^t angled triangles 
a«BC rin A«b tan A 
b«sc cos A«ia cot A 


oosC 


a*-H>^ 

aaE 


C=J 


CSC A»b sec A 
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Att% of triangles 

ab ^ C be sin A 
a a 


A-’ 


nn 


cos- 


‘ >(s^-a) (s—b) (a^-^ 
A 


/Es^b(s^) 


be 


V 


/s(s—a) 


a V s(s—a) 


ac xia B 

I 

9 

a+b+c_ 
a ”” 

c) 

sin A sinje 
a sin B 

b* 

(cot A-f cot C) 


INTEREST 

Simple Intermt 
A«=P+Pr*eP fi+r) 

Componnd Interest 

at the end of r year— Ab=P (i +r) 

» « II » 3 yeera—A=P (i+r) (j+r)=P (l+r)* 
II II M .1 nyean— A=P(l+r)» 

(i+r)"* -Y “(i+rJ» 

If ihc interest is eompound q dmet per year, we have 



pB^prindpai* 

A=3um of prindpal and interest, 
r-:=r»te of interest per loo rupea, 
fiM^number of years 











SECTION 3 

applied MEGHANIGS 
& 

BENDING MOMENTS IN BEAMS 

Page 

1 * Definitions of terms.. *. , ^ 3/a 

Stress, Strain, Tensile Strength, Elasticity^ 
Young’s Modulus, Shear Modulus, Poisson's 
Ratio, Modulus of Rupture, Yield Point, 
Fatigue, Impact, Lateral Restraint, 
Moment of Inertia, Efieciive Span. 

9. General Formulae for the Fleaure of Beams 3/5 
Formulae for Workiug out Areas, Bending 
Mements, Moment of Inertia, Section 
Modulus, Modulus of Elasticity, Radius 
of Gyradon, Stresses, etc. in Di^erent 
Types of Beam Sections. 

Thin Tubes, Cylinders and Shells. 

3. Economic Sections of Beams , * 3/7 

Relative strength of Beams under Different 
Types of Loading 

Lat^ting Depths of Beams for Deficedon^ 

Lateral Stability of Beams 

Working Stresses for Mild Steel, Wrought 

Iron and Cast Iron 

Rctadve Strengths as Beams of DiRerent Rolled 
Secdons; StrcBes due to Temperature Changes; 
Reversal of Stresses. 

4 . Bending Moment and Deflection in Beams 

Under Various Systems of Loading .. 3/” 

TT^rlm#iri Loads; Movii^ loads <« 3/^^ 

5. Curved Beams .* “ SMS 
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DEFINITIONS OF TER^fS 

Appliai Mechanics is the branch of science that treats of 
ihc action of forces on engineering structure^ 

S/^Us is that branch pf Mechanics which treats of the 
oonditioiu imder which a structure is in equilibrium under 
the action of forces. 

Sirm b the load applied per unit area. 

Siram is the extension per unit length of the material 
stressed. 

Tmnlt Jtrgss is produced when the external forces tend 
to stretch a tedy or puJI the particles away from one another. 

UUmalf Unnir stress is the niaxhniim load that a speci¬ 
men of the material can sustain under tension divided by 
the original cross sectional area of the specimen. 

'Tensili strength {per unit area) is the minimum load 
required to fracture a specimen of a material divided by 
the ariginal area of the cross section of the material. 

Uttitmie stra^th is the maximum load that a specimen 
of the material Can sustain divided by die orl^i^ crossi 
iecdonal area of the spedmen. 

Compressiir stress is produced when the forces tend to 
compress the body or push the partidcs doser together. 

^anng stress b produced when the forces tend to cause 
the partida in one section of a body to slide over those of 
the adjacent secdon. 

Terrion is strength under twisting moments of com* 
ponents. This is not true shear strength of the mateiiaU 

AiiowabU mtU stress is the ultimate strength at failure 
divided by a laetor of safety. 

Elastic^ is the property of a solid material to return to 
its original size and shape on removal of the force, provided 
the stress (or the force) has not exceeded a certain limit 
called eiastie limit, 

Eiastic iimit is the greatest stress which a material U 
capable of devebping without a permanent defonnation 
remaining upon complete ^eue of the strea and b that 
firess be^nd wMch the ratio of stress to strain reas g to be 
constant, (stress is proportional to strain up to a certain 
limit ooly) and the defarmatioo caused begins to mcreaie 
in a Easter ratio than the applied loads*(Alw citpWned in 
Section 5}. 
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roun/i Afodidiis af Elasiidtjf U a measure of the elastic 
property of a material and b a ratio between the applied 
load and the resulting strain (which disappears on removal 
of the load)<ir in other words, is the value of the bicie^ 
of Stress divided by the eorrespondiiig iociease in strain 

stress per sq. in^ of section_ 

strain (or deformatian) per in- of length 
Modulus of elasticity is reqtiircd in all qalculadons 
iiivol%ing the deformation of structural members. The 
c^Jfidml of exlension b the redprocal of the modulus 

of elastidty and is ° » These values arc constant 
stress 

for steel up to the ^'yicld pomt"^ but not so with concrete. 
In other words, the stress is proportional to the strain 
(Hook's law^) and the modulus of elasticitif' is constants 
Youngs^ modulus is the tensile modulus and is the 
ratio of stress to strain in tcnsiotih The jA^rar modaius or 
Iprrion morftt/iis Is the ratio of stress to strain in shear 
or torsion. 

Ptrisjif/i*! Mjilio: When an elastic material is subjected to 
an axial stress in the direction of longitudinal axb of the 
member, the member is defoimcd not only in the direetbn 
of the axial stress but also in the transverae dirccdoiu ^le 
transverse contraction ts proportional to the longitudiii^ 
extenrion and the ratio between the two is called PoiHon.*« 

^ , tramvene contradiaa 

ratKJ and is= ^- * — "! ■- r “ 

longicudma] extension 


Poisaon's ratio fbr steel b 0.30, and for ctmcr^c o. 15 (av*) 
Young's modulus, shear nu^ulus and PoUson^t ratio 

art called "^Eiasde Constants.'* 

, ...... shear stress 

Sfuar moduitis or modulus of ngidity^s— 

Resiiiente or strain mergy is the eniOT in ^ 
elastic material for which It can be repeatedly strained 
without fracture. ^ 

ModUtii of Rupturt is the maximum unit stre» produocdi 
in the material when a beam is loaded, to failure { See 

^tion 8.) * e e -T 

Ruptun jtresj is the unit strets at the time of failiirc. 
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The max* BM is sometmia called the Afajntwf o/Htfpitfft. 

Paiigut is the dinunlshLrig resistance to firacture caused 
by continued application of varying or alternating streaes. 
i« under "Reversal of Stresses/” 

Tuid F^fini Is the point where the elongation of a 
bar under tension increases without increase of load and 
Titid StTfji is the Lowest stress in tension at which yidd 
point is reached. 

(Sec Section 5 ibr detailed desprptions) 

Impad, The sudden application of a load to a structure 
produdng stresses in cacess of those arising from the static 
loading. 

Static iBoding is in which loads arc applied slowly and 
they remain stationary. 

JDynoTnic foadwp is the load applied by the blows of a 
fidling weight. 


Load fadOT. The value by which the load caiumg 
l^urc of the structure to unscr\iccability is divided to 
give the permissible worldng load on the structure. 

The work done by a force u equal to the product of the 
force and the distance travelled by its point of application 
in the direction of the lorcc, 

Effec^ae l^tal iiejtrawt. Restraint which will produce 
sufftaeni resistance in a plane perpendicular to the plane 
of bending to restrain a loaded beam from buckling to 
either side at its point of application, 

Moitmi of //wrfta (also called Second Moment) of any 
section is the sum of the products obtained by multiplying 
the area of each elementary area in the msai section by t^ 
square of its ccuire of gravity distance from the neutral 
axis, or I=^A r* 

The moment of inertia of a section about an axil 
other than through Its centre of gravity Is equal to its mo¬ 
ment of inertia about the neutral axis (passing through 

‘•f of pooily) plU5 the a«a of lection mJtipliedTy 

the square of the distance between the two a»L< ^ 

or Ixx™Iaa4 -A^, * 

The bendim in beaim jhould be 

the iminent of merao of the net enaweedon of the beam 
which n the aeea of the secoon les deduetioiii for holo^ 
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nvcts and bolts etc. In maJdng deductions ror rivet and 
bolt holes, the diamettt should be assumed to be i/i6 In* 
tn excess of the nominal diameter. 

Effcctii'* span. For calculating the bending moments 
in beams^ the efTective span of a beam should be taken 
to be the length between the centres of the sup¬ 
ports, except where the point of application of the re¬ 
action Ls taken as eccentric to the support, then the effec¬ 
tive span may be the length between the assumed 
points of application of the reactions. 

GENERAL FORNfULAE FOR THE FLEXURE 
OF BEAMS 


(Flexure means bending stresses or beam strength) 

A ^Area of section in sq. Inches. 

Iaa =Moment of Inertia aboui the neutral axis (passing 
through the centre of gravity of the section), 

Ixx —Moment of Inertia about an axis parallel to the 
neutral axis—xx. 

Z —Section Modulus. 

E ^Young^s Modulus of Elasticity* 

r = Radius of Gyration. 

f =Strcss in tons per sq. inch in extreme fibres ■of 
beams. 

R —Radius of curvature. 

Y ^Distance of outermest fibre from neutral axis=d/2 

B M Bending Moment or Moment of Rcsistaiice* 


BM^ 


fl 


rfZ; = 


BM 


Z= — 

y 




BM 


E 


I 

1aa> 


y R 
bd’ 


ZaAi 


bd< 

b 


t-Ar- A=bd 


T 

4 



,1 


t 

,4/f 

L.i 


rAA; 


^D.sSSyd = 


d 


ul 


3 45 


Ixx = IA A-f 


bd* 

3 


ZXX: 


bd> 
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rxx=*^ -*o.5774d 

When b is the least breadth of section, least r* 


3-45 


The tdflhess of a beam depends on its moment of inertia 


II 


and invenely on its length. 

, b(D»-d*). ^ _ b (D»-d») 

Iaa— - — - ; Zaa»» — 




1 /^ A-»-^«. 785 d*; lAA«-^-= 049id* 
trd* d 

Zaa« — =r. 098 ad»: r* — 




Cl» 



Ixx—' I—* 4 ,' 

, . f III 

In the case of I beams, where the section is not syiii> 
metrical about the neutral axis, the maximum comprcsnon 
and tensile stresses are not equal and Z has two values, 
*oompression modulus of section’ Zc, and ‘tension modulus 
of section’ Zt, when 


fc< 


ft 


BM 
'ZT 
BM 

~Yr 


and 


and Zt< 


yt 


If the section is symmetrical about the neutral axis, 
then the section modulus has only one value and 
ic=ift«BM/Z. 

For R.S. Joists, the minimum radius of gyration is about 
0.21 of the iM’eadlh of the joist and the maximum radius 
of gyration about 0.42 of the depth of the jobt in inches. 
Solid semi-<inU or half round (resting on flat bottom). 

Neutral from bottomw0.4244 R 
IAAS.0.1098R* ; Zaa— 0.1907R* ; rAA<-»o.2643R 

H radius of the semi-czrcle. 

2 
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A_ «(d»-d,«) ^ ^g^ (d*-d,«) 
Iaa- *' <*‘^■*^ .0491 (d'-d.*) 


h-‘—) 


^ . (d*-d,*) 

- 15 d-^ ■ 

I ‘x*’ . Zaa-— 


v'tdHd,*) 

4 



so.236d 

, bd» ^ W* 

Ixx« ,T J Ta 

bd« 

4 


Iyy 


VT 5 

bd* 


Zyyj 



Thin Tab*•, Cylinder* or Shells of thickne** **t*’ 
A=i.Dt; I- ; Z=. 7 oD'<: r=o.35D 

pd 

Hoop stress in the material of the cylinder ; 

Longitudinal stress due to the pressure on the ends of the 
cyli^er which is also the stress in the n\aterial of a shell 

^ . paainternal intenrity of fluid j>ressure. 

(A cylinder may be regarded as thin when thickness 
of walls is less than 1/48 of diameter.) 

economic sections of beams 

For equal depths and %veight* per foot the comparative 
suen^ of the various steel sections used as beams is 

as follows:— 

RS.J. Channel Unequal Fxjual Ungual 

llo% 90% 50% <“% V>% “% 
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Thcrcfcre, it will be seen that I jecdon is 
the most economical and should be used as Far as 
possible^ 

Sections art generally rolled from 40 to 6o ft. lengths* 
Kelative Streagtha of Beanu 


Kind and position of load 


Strength ratio 


wpp&rttd a/ hath ^ids i 

Uniformly distributed over endre span .. 
Concentrated at middle of span 
{b)Beams fixtd at both tads: 

Uniformly distributed over entire span 
Concentrated at middle of span 
{t)CaiUiltL'cr btams: 

Unifonnly distributed over entire span 
Concentrated at the free end 

{d]CiiniiUi'tr btam su^rltd ai the fret end : 
Uniformly distributed over entire span 
Concentrated near the middle of span 


t 

4 

It 

t 

i 

i 


0.65 


Lsmibng Depth* of Beanm for DeEectioii. The cal¬ 

culated deflection of any beam should not be greater than 

I/3a 5 of the span, which limits the dmth to span ratio to I to 24, 

Where, however, the deflection of a beam js not of eons^ 
quence, thh limit may be exceeded. Depths of girders and 
rolled beams m fle^ should not be than 1/24 of the 
span \ in floors subject to sbochs and vibrations the depths 
shouhl be limited to 1/16 of the spam In floors with 
ccilmgs the deflection should not be more than 1/40 inch 
per foot of span or depth to span ratio of ifl. Depth of 
R.S. Joists used as roof putUns should not be less than 1/40 
of the span. In order not to exceed the deflection of i/ao 
inch ^ foot ^ span the proportion of length to depth 
of ^dcr ^ joist not ^ greater than 30 to i for 

uniformly distributed bad and 15 m 1 for the same load 
concent^ted at the oen^* For a greater depth than lu 
to 14 in^ a built up girder is usually prelbablc and more 
economi^ under hiay loads. Deflection should be 
measured at mid-ipan of beams and at the end of canti! 
icvcrir 
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Lateral Stabtliiy of Beama^ In ail beams without conti¬ 
nuous lateral support there » a tendency for the compret' 
ak>n flange to budJe at right angles to the plane of bending 
in the mkl-span section of the beam. The princ^ial Jactor 
goveming the elastic stability (against buckling) ofabeamor 
column is the ’'slendcmcss ratio”//r, where ( is the distance 


between Lateral supports and r is the least radius of gyra¬ 
tion in the case of I beams. To safe-guaid against thb 
buckling the permissibte stress (in compre^on) is reduced 
when ^e ratio of ifr exceeds too. The basic principal 
compressive stress in bending according to B. 5 .S. 449 is: 

JQOO* 

k tons/sq. in. when the dqith to breadth ratio is 

less than 12.5. The factor k is assumed to have the foUovring 
values:— 


Depth to breadth ratio—2.513.35 |2.ooji.75 11.5 or less 
Factor k —1.00 i. 125! 1,25! (.375! t.50 

Increased sties should not be allowed for deeper beams. 

Where a beam is laterally supported continuoudy 
throughout its lengthi a deep narrow section a most 
economical^ but where the coniprc^on Hangc is laterally 
unsupported, a wider, shallower section is preferable. 
A continuous load over the top flange of an t beijii such as 
from a Boor,, or cros beams fixed at or near the top dange 
constitute a lateral support. Cross-members attached to 
the lower part of an I beam do not constitute adequate 
lateral support. Where the I beam is encased in cemenE 
concrete and reinforced with stirrups at not more than 6 ins. 
pitch and the minimum width of solid casing is equal to 
the width of the steel flange plus 4 inches, and the beam has 
a concrete cover of not less than inches over the surface 
of the flanges, the permissible stress may not be reduced, 
but the stres shall not, however, exceed J ^ times that 
permitted for the uncased section. Stiffeners should be 
provided at all concentrated load points and at ends as a 
precaution against budding of the web due to high oom- 
pretsive slrcsr?. (This point is further discussed under 
"Plate Girders” in Section The ratio of depth of 

web to its thickness shall not exceed 75. 
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Working Stressom 

For simple \tan structures the safe wcM^king Jc^ds in 
tons per sq. inch may be taken as falliavi^ Car dead loads: 



Ten. 

Comp. 

Shear 

Modulus of Elasticity 

Mild steel 

to 

ro 

6.5 

13400 tons/sq. in. 

Wrought iron 

5 

6 

4 


Cast iron 

lL 

• 

2' 

&'j00'7.sop „ 


The structural s tel manufactured by the Tala Iron and 

Steel Co. Ltd. complies with BS. t5 of 1949 and working 

stresses should confirm to the BS. Code of ftactice_CP. 

ti3(j94&)» The yield point h 15.25 tons/sq. in. minimum, 
and the ultimate strength 2B/33 itms/sq. in. The ultimate 
stress of wrought iron ranges from 10/25 tons/sq, m., and 
that of cast iron 10/25 tons/sq. in. Ukimaic leruile 
strength of cast steel ranges from 28/40 tot s/sq, in. 

ftmiisiiik Werkittg Strtsses in AfUd Sted wilJi 

BS. 15 of 1948—for Beams: 

TejisHe stresses in Bending—to tons/sq. in. lor beams 
and <^.5 tora/sq. in. for pLate girders. 

Compees^'c stresses in Bending for unrased beams_ 

10 tons/sq. in. for beams with adequate lateral support, 

tQOO 

- X Jt for beams with insuffident lateral support. 


Shear stresses in unstlffened w^bs of beams and girders— 
6,5 tons/sq. in. 

(For properties of other steels ani also for working 
Stresses see Action 5). 

Stresses due to temperature changes. Total 
eapanuon of a structure due to temperature change in 
in^es=cc-efScient of linear expansion (of the strutlure 
mcral} X length of the structure in inches x change of 
temperature in dog. F. If the structure is rigidly fixed so 
that the expamion due to temperature change cannot 
take place, the compresive st ress developed in tons per 


•Working stresses for cast iron frequently used in 
compre^ion free from Rcxurc arc J to for dead weUrhis 
1 for columns free from vibrations, and rb- for arc-h 
work, of the ulilrnate strength. 














BENDING UOHENTS IN BEuAJlS 




in+^tDtai (checked) cxpacuion of the structure x modulus 
of elasticity of the structure metal in tons per sq. in» 
OxlBcient of Linear expansion of steel is taken 
0*0000067 pf"* modulus of dastieity 13*000 

tons per sq* iii. 

Variable loads or Reversal of stresses (varying 
from tension to compression):— 

Equivalent dead load=>=niax: load-)-variation. 

Launhardt—Wcyraimch formula: 



The figure obtained ii multiplied by the stress usually 
allowed. 

If a structure member is repeatedly stressed al»vc in 
clastic limit by alternate loading ?iid unloading, the 
member can ^ brought to rupture at a stress much 
below the ultimate stress as determined by the ordinary 
strength test or even below the yield ^int. Rupture 
that occurs in this wjy is called fatlgsit ni^luri. The 
magnitude of the stress which can be borne 11 dependent 
upon the number of load fluctuations and on the mean 
static stress about which the load fluctuates. 

bending moment & DEFLECTION IN BEAMS 

Under Varioas Systems of Loading; 

W^: total load in tons; w=load per ft. run in tons; 
L=span in inches; BM=bending moment in in* ton^; 
L^mcxlulus of elasticity (assumed at 13^000 tons per sq. 
in* for steel); Ra= reaction at A; RB=reactiDn at B. 
Deflection b in inches. 


W 

Ra=Rb=.J1 





Max: BM= ~ 
8 






Sh««r tlKienp 
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Mjixt EU 


WL 
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1 


‘F 


I-wd 






-i-i iTi 

SlAMf Dt*sr** 



Max: BM= 


Ra 

w 


Ra.x 


Ra 


Max:BM=RAty— 

Def: \'anc5 with position of load 


XmA DlBcTM 

^ ^P^,"M Ll llll lJ l! lll f i 

3 lH«r Dinn* 

xiEsr 


I*IUDl»cr*« 


V=*t- 

JlUlUlftlUiL 


of 


.k HMiiiimr * 

r—^ ^ 

SMiir 

fTTiMlf l|'H| 

.MAX. 


P^M.SlA^fU 


Ra Rb = ^ 


Max: BMj 


W.a.b 


W.a.h (aL—h) ^ 

^ 9EIL ^ 


(aL—b) 

V y 


b^a 


I44 (latTAx 


&U|ru 


2t' 
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»/> 



-rrm-gt 


Max/ Def. 


6.8aWL^ 

3^ El 



I. n.tiiftEn^ 


(A) If both the toadi arc placed U4 instead of L/3 
jirom each cod: 

V/L 

Max i BM = 



(c) Unsymnatricai Conantraled Iflfl*; 

Suppose bads are W„ W, placed at distances of 
a^ b* c from end A on a span 1 : 

Rb (taking moments about A) 


tW,xal+(W,Xb} + (W,Xc ) 


Ra=CW,+W,+VV^-Rii 

The maximum BM occurs at the point of appLicatbii 
of One of the loads and may he found as follows; ^ 

BM undci Wi=RAXa 

„ „ W,=RAXb-[W,x(b-a)] 

u >, W,=BAxe-[W,x(e-a)+W,(c-b)] 

or =Rbx(L— c) 

Approximate BM for an unsymmetric^y 
beam can be found by working out the position of the 
centre of gravity of aU the loads and considcTing the lotai 
of all the Irads acting at the centre of gravity point. 
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W 

Ra= Ra =— 
2 




Max : BM. 


Max : Df f 


W L 


hatd ffltfran 

?innTTTTrr^_ 


»—4 — 
' 9 liaar 


W L" 
6o £ I 




Ra- —W, Rb=-Lw 
% 3 


[yfOnUjEinmiman 


Max ^ BM 


Max : Def : = 


WL 

73 

5 W 

m k “> 


LhA n.*(Ff« ^ 

^ ‘~* ^ 11 
ShM.r- ]llB^;t->K 

1 -—pSTTt, 

a-H.ivippvi 




Rb^W 


Ra jRa 
w 


w’ ^ 


B M at C= “f 
B M at B^ 


2w 

w.a" 


m-x 

DKfrpa 

SlktAT DlafTPP 




It I n ripjrai 


^^ W,.b~W,c 


W..a-4-W.(L+c) 

Max: BM at G—^fR^.a 
Max : BM at B = —W_ _ 

SiC 


t—h - _ 

‘LlT-iri* 

I>Md ciiBxn* 


•J’ 




Utppr CIhsth 


•V^Jf 

l.lLSlHcinM 





































BEHOIHO uouehts tn beaus 
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RaioRb 


6^4 Bt 0= 


W 

3 

W L 

24 


&M Bt A or Bi 
x^o-ai iL 


W L 


13 


Mbx : Def : = 


WL» 


sa+Et 




1 


L «»4 JIUcra# 

^ STrrrr^ 

Stwar ^»snB 




Ji 


Ra=Rii 


W 


WT 

Max : EU=±^ 
X— 0 . 25 L 

WL* 

Max : JM : = ^ 


EE 


i= 


imE 


Oit 


4 


^ rriTm 


&nMr Vla^raa 
■r If. n>grm^^ 


W.b«(3a+b) 

Ra=-^^ 5 -- 

W.a«(3b+a) 

BM at C=s=RAxa- 


W.a.W 


L> 


or 


2 \V.a«.b* 


|dr.^ 

Imi iJtifna 

. . 

$bwr Oiatna 




BM 


at A= 


W.a*b* 

L> 


BM at B 


W.a*fa 

L* 


Max: DcT 


aW,aM 5 ^ 

'“fEl (j»+bT 


If »=1 L, b=iL 


~ HiWiion* 1 iM 

Max. 1 i^mnl of 

Def, 1 «>ntr*flextire 

^SuTi 


M«* j 

»t A 

at 1 

ai C 

iW 

i7 

20 W 

27 

WL 

6.7S 

WL 

TST 

WL 

WL 

“F5T 

r^SWL f D“29 L fnni A 

3b4 Ft 1 d-ST L &*ifl B 
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Ifa^m b=^L 


3W r27W 

1 WL 

i/VL 

~vjr 

hviT 

l OflW'L* \ 0.30 L from A 

"35“| 32 

7 -i 


TT' 

hiT 

384 Et ; 0-17 L *&tn B 


N(a)Laadi W/at placed at L/3.— 


♦/? »/? 


— 1 -- 

t«<i 4 Slsfn* 


Reaction 
at ends 

Max ; BM 
at ends 

BM at 
centre 

* ■ 4 i 

I 

Points of ~ 

contraflexyre 

from ends 

W 

2 

WL 

a 

WL “ 

+ 1^ 

t*4S WL' 
3 % F'l 

0.22 L 

(i) 

Loads placed at a distance of W from each end 
instead of L/3 ; — 

W 

W.a(Ua) 

W.a" 

8W.a*(3LM,} 

(L—a)a 

2 

sL 

+ 2L 

3S4 El 

L 


(f) Loads placed at L/4 from ends instead of L/3 


W 

3WL 

WL 

WL" 

--- 

~2~ 

3a ' 

+ 39 

384 El 

0*49 L 


a. Loads W/3 placed at L/4 

M.ax BM at ends= — 




'/3 

i 


-i. 


Stlcna 


^0 <s 


Ra=Rb 


W 


BM at A or WL 

48 

BM at C= -f.-^\VL 


Max t Def ; 


1-4W 

384^1 


Point of oontraflexuTe^o.ssL 
in>m A Of B. 
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Ra» J- W, RB=i 

IC^ Id 

BM at A=-—~ 

BM at — 

15 

WI 

BM atC= +— 
a 3 

Max ! Def : = 

3B+ El 



Loid 
I I I I 

'dh«r niACnd 

■.H.mBfr¥P 


BMat A^WL 


Xlax :0cf* 


WL* 

"ITl 


BM at A=W.a 


Xlax : Def: 

x ( 3 ‘=i-*') 


« 

*1 . -li ■ * 

^ La*a lUifni 

. . . 

Stwar Dii^^vi 

■■• irnTTrrTrT,^ — 


I— ■— 

‘It—^ 

l•«■4 I^iKfrpa 

■ gn-rrmTi-m 

Umt Dicpw 

■►Trm-n-n—— 

l^lUDiPcnp 


RA-Wt+W, 

1 1 

[■ f * 

c—:- 

_t 

Max: BM at A=W',.a+Wg.L 

Am— -L- — 1 ■ 

P ClP4^a 

Max : Def : 

■■•«.iiiiiiii!TTT7Vmiri 

ilttar ati'fna 

W,,a*(3l.^a)+2W.X- 

" ■ - —g-El- 

1,A Vtafraa 
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Max : BM= 


WL 


Max *■ Def 


WL> 
'e El 


r 


ujjiJJtriiifiimiitMirimj 


Lo*< VlB^raa 

3h«>f Dl.afrpiB 

p rrrrm- 


Max : BM= 


WL 


Max : Dtf :i 


WU 

15 EJ 




j[TTTTrrrm-- 

5 hf«r Ttlacrw 

irffTrrm-r-t 


l,R.£Kt.BcrW 


Max^ BM^'— 

2 


Max : Def ;= 


If WL» 


96 El 


RAi=iRn=aw,a-}~ 


f.L 


BM at A or B<i=— 


T 

w.a* 






lud Di«fr*« 

’ inrmTTr^.— 

? flTTTrrn-rrt-r^ 

3 «M, 

* torn Mr fi- ifurs 

LiiMi^djflrnmij i nrTTTf 

Lwd Diafra* 

S^«ir 

t.H.Oil 
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R>-Hw, R,-^W 

I t 


B M al A 
BM. at C “ 
Ml a I DcF: = 


t6 

+Awl 

32 



i/7 


L«a 4 tHLifna 




rri IIII ujt 
Sbur tUacru 

T fH.. .. ^ 

■d ]Ctlla^aii 


Ra= 
Ra = 


VV.b OL*—b^) 

2L» 

W,a' (sL-a) 
iL’ 


B M at C- 

Max: Drf: 

6 El 1/ 3L-a 




ldiv 4 SlacraB 

A 11L n J t 


rori 


mm*' 

Sttraif Dlagna 


l.PLD'lacrwa 


Ifa^V b—^ L (Laat Diagram) 


Remctioris 


B M 

i 

Max: 
Def: , 

Point 

Ra 

Rb 

Max: 

at A 

ai C 

ConiraClcx- 
lue from A 

isW 

14W 

WL 

WL 

WL 

3.58 WL* 


^7 

27 

578 

6-75 

5-70 

384 El 

0*31 L 


ira=iL,b =( L 


23W 1 

4W 

WL 

WL 

WL 

l ^.%7 WL» 

O'.ai L 

a? 1 

^7 

^-4P5 

5*405 

10,13 

jS+Er 

If a^i L,b L 

47W 

raS 

1 81W 

V 7 L 

W L 

W L 

3 .o6 WL> 

0.3a L 

1 laB 

b-305 

Si- 

,>351 

3^ £ I 
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fa -tL, b-! L 


I17W 

iiW 

WL 

WL 

WLi 

t.37 WL= 

12Q 

[38 

6 »to 

6 . lo 

^ 5-5 

364 E I 


0 .i 86 L 


i-w, Rn-=-iw 

3 3 


* 4 ? 


■/? 

4 -t/l -< 


Max: BNf= — 


WL 


Max : 


.W1 


32 


LoaA aiAfna 

t /3 f /3 V 5 

-1 —^ 

Lwd ln*(nB 


Ra=— w, 
BM ai A« 
BM at C^-i- 
Max^ Der:= 

Ra- 4 w> 

BM ai A- — 


Rb="w 

33 

WL 

33 

1^3 

WL> 


39 5^1 


RB=iw 

5 

— WL 
15 


BM ai C=- +-^WL 
lo 7 

X' n f WL> 
\jax: Dcf : 



IiqbJ BlJk^a. 


ltH>r HiRgrtB 

1 r>w 

*' ^vL^Ly_LU^ I 



A 

l 4 V 4 

j’HTm-rr^ f. 




Bi. H. Dlmcrta 


Max : BM at fixed end^'—;?-WL 

Bo 

If there U no support at the end: 

Max : BM--—WL 
3 


■iittiiti/lltSlI 


l*Bd SlkfrBa 
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Ra=-|w, 
BM atA= 


RB=-iW 
WL ® 


BM at +^^WL 
120 

Point of oontraBcxiirc is at o. 25 t> 
&oxn Ak 


Max: Defr 


3 oB WL> 
~ 3»4 ^ 


L «*4 frlljnq 

Shtu- 


(d) U nifbmiLy distributed load 
over equal spans; 

Ra^Rb— 

Rc= ~ w.L+-|w.L 

BM at C=-^’ 

BM at D o E spa + ^ X w* L* 

(h) Assuming only one span (AC) loadedt 
Ra^ 4* ^ w.Lj Rb- ■'* w.L 

ID lb 

i2 

Max; BM 310.4^3 L from 
BM at C==-^wX> 

(i) Concentrated load W at centre of each span: 

Ra=Rb-^W, Rc-^W 

BM at D or ^WL 

3 » 

BM at —TE"^ 

(ft) Assuming only one span (AC) loaded; 

Ra= ^^0406 Wj Rb=^— oiogd W 

Max: BM under the load (at centre of span AG) 

= H-0vao3 WL 

BM at C=—0,094 WL 


w tjnt t*r ft.TWH 


StMAT DlAfna 
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Balding Momentj far Jnctmed Loads: 

The general rule is to resolve all rorces, including the 
reactions, along and perpendicular to the beam. Thrust is 
along (parallel to) the beam. BM and shear are then 
worked out. Utrust at any point oF a beam is the sum oT 
the components in the direction of the beam: of all the 
forces to the right of it, IF the thrust k negative it becomes 
a puli. 

For a sloping beam with, vertical Loads (or reactions) 
the BM is the same as For an horizontal beam of the same 
span as the horizontally projected length oF the sloping beam. 

Moving Loads; 

(i) Beam supported at ifo/h ends and hming a mtifonttijF distri- 
buied mooing ioad of length greater than the span: 
Maximum shear occurs at the ends when the load is over 
the whole span. 

Maximum BM occurs at the centre when the load is 
over the whole span, 

(fl) Beam supported at both ends and haoing turo unequai ton- 
centrated moving toads: 
hfaximum shear at the left 
hand Support occurs when 
the load b over the left 
hand support. The shear is: 



Maximum shear at the right hand support occurs 
when the load \\\ is over the right hand support. The 
shear is: 




WJL-fa+bjl 

L 


Should the distance between the loads be greater 

than 0.59 l-j consider the shear due to one load only. 

Maximum BM on the beam occun under ihe heavier 

load when ihe ^itlon of Die kadi i> such thu the ociucc 

of the beam ts half, way bet ween the centre of gravity oT the 

loads and the heavier load: ^ r 
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The maximum BMs arc: 


W -uW 

under Wi^ —b)» 


under Wj= 





Curved Beams 


Iftheaxis of a beam is curved the neutral axk nu 
lon^r passes through the centre of gravity of a cross* 
section but is shLTked to^s'ards concave side of the beam. 
'Fhe maximum unit stress is increased by the curvature 
of the beam. The following formula may be used to find 
approximate stress in a curved beam; (Derived from 
Winkler Bach formula) 



K b a CHiTcction factor by which the stress determined 


by the ordinary "straight beam” formula ^f= 


is to be multiplied to give the extreme unit siren 
for the concave side of the curved beam^ 

I=moment of inertia of cross-seciionj 

c^distance from the axis through the centre of gravity 
of cross-section to the extreme fibre on the concave 
sde of the curved beam,^ 

bc^max. breadth of the cross-sect ion. 

R=radius of curvature of the centroidal line of the beam. 





SECnON 4 


SIRVCTURAL STOEL DESIGN TABLES 
h. FROPERTlES GF STEEL SECTIONS 


1* Round and Square Bars: Areas A Wei^ti 
a . Old British Standard Beanu (R% 5 -J*} 
R-S-Jclsta: Dimenaiotii A Propertie* 

4. Safe Distributed Loads on R,Sjs. as Bcami 

5. R-S. Joists—Cduiimi—Safe Leads on ». 

6. Safe Loads for Ls as Struts & Ties 

7. Weight of Hoop Iron 

8. Safe Loads for Tees as Stmts 

9. Tecs : Dirocnsioni & Properties 

10. Chaiuiels: Dimendons A Fropertiei * ■ 

11 Weight of Sheets of DUTerent Metals -. 
m . Flat Sted Tics for Tendon Membcn 

13. Rivet Holes io Tensioii Members 

14. Weight of Rivets 

15. WeighU of Galv. Fitting for Rools 

16. Weight of Bolts A Nuta 

17. Safe Loads on Bolts & Nuts . * 

18* Working Strengths of Steel Rivets & Bolts 
19* WireGaugrt 

ao* Fencing Wires ' ■ ^ * 

21 * Scaring of Holes 8 l Sue of Rivets in ^tedoabers 

22* Comjgaied Iron Sheets: Strength & Weight 

23. Mild Sted Black Sheets: Weights 

24* Weight of Zinc, Copper A Brass Sheets .. 

25* Equal Angles: Propertiia 

20* Unequal Angles: Propcrtiea 

27^ VTcight of Flat Steel Bars r * 

28. W^t of Steel Sheets 
29* Rails: Propertica 

30* ^epanded Metal: Standard Sires »• 


4/3 

a 

4/10 

4/16 

^t8 

4/*9 

4/*^ 

^20 

4/30 

4/31 

4/21 

4/22 

4/33 

4/^*4 

4/25 

4/2B 

4/20 

4/29 

4/32 

4/33 

4/34 

4/3® 

4/30 

4/38 

4/39 

4/40 
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I. ROUND AND SQUARE STEEL BARS 

Areas and Weights 


Dia. or 

Round Ban 

Square 

Ban 

Side 

Scctiooji 

CSrcum* 

Wl per ft 

Wt.pcrft 

Sectional 



Area 

crence 


Area 


m 

■q. in. 

in. 

lb. 

1b. 

■q. in. 


.oaS 

.049 

.077 

.9te 

.961 

.119 

.219 

•93a 

3 

i 


.tto 

t.178 
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Safe Load &f Stmo in Tool cel n lec^ of— 


3 ' 


rlx i 
If Jf lixi 
ilxax} 

3 X 3 X| 

3 Sf 35 tj 

a^xaxt 

ax3x| 

a|xa|x } 

3 X 3 x»/„ 

sxasti 

SX3X* 

SxjxVi* 

4x3x1 

Slxs^xf 

3X3X* 

3|X3lxt 


a. 35 

3 - 79 
a 7 $ 
4,07 

4 r 64 

4 - 93 
5 . 0 & 
J.aa 
5,52 

5,^3 

D.07 

7 .M 

2 - 7 “ 

S.30 

S, 4 S 

8-49 

9‘30 

rT.oB 


3*7 

4-5 

4- 5 

5- 5 
5 3 

fcs 

B.o 

8.0 

J0.6 

8.3 

13. J 

13-5 

13*0 

J 3-7 

17*0 


4' 

! 

V~^ 

7^ 

S' 

itf 

! ^7 

3.0 

\ 1*4 




3-5 

»-7 

i 4.0 




3*3 

=■4 

f i.a 




4*3 


a .7 

9.1 



3-9 

4*8 

a. t 




0.9 

5*r 

4-4 

3-4 

Z.8 


5*3 

4-9 

3*3 

9.5 



5.9 

4-7 

3*fl 

9.1 



40 

3*3 





8 3 , 

4.0 

3-9 

3.0 



7-7 

E’3 

5.4 

4,9 

3-4 


9t 

7 5 

a .4 1 

50 

4-® 


5*9 






I® i 

9.6 

7 1 


4-7 


t9^*0 

ti,4 

10.3 

9.8 

7*7 

5.8 

11.8 

tO.D 

8 . b 

7,1 

58 

4*° 

11.9. 

9*8 

9. J 

6.5 

3*3 


15*9 

*3J 1 

1 lr9 

9*3 1 

7.8 

S,€ 


CTJI caiculiEnd for bairExed rryrti by Oaxtofi 

jy tea arc mmected bv one mwact go per eenl* 
of m bu takeo ai effecthn;. Factfe cf iaftiy h 3.3. Woifchnir 

lA KjccI h 3 in, p 
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9, TEES: DittieiiEkiit mnd Propertie* 


fSixe 

ioL 

d ! 

y 

1 

s 

< 

li 1 

g^l 
I'S ■ 

X 

I'M 

Y 

> 

Y 

3*X3lxi 

3lx3jX| 

3X3X* 

3x3x1 

3) X a| X1 
nxsixi 

3X3X1 
liKllXl 
ilx itx 1 

e 4§: 
11.08 

9'SS, 

7.ao 

593 

4.07 

5,31 

3+5G 

a.go 
3.36 
3.50 
3.76 
3. [3! 

1-74 

t.so 

VM 

0,69 

1,88 

SM 
a-77 
a.17 
*■7* 

®34 

a.aa 

»'»4 , 

0.83 

■■44 
1*10 1 
1*04 
a.So 

0*55 

0*3$ 

in 

0.13 

0.87 

0.79 

“'7* 1 

q.64 

0.83 

0.5a 

0*5“ 

0.^ 

0,31 

6x3xi 

*4.53 

4 37 

3,83 

i.ii 

0,78 


5X4x1 

li'SU 

+ nj 

5-77 

1.^ 

I.qS 


5X4x1 

■ i^o£ 

3.35 

4-47 

» 49 

* SI 


3x3xi 

14.79 

^ IS 

3.52 

t.ii 

0.83 

T3 

SXSXi 

9.79 

3.98 

1.57 

D.Sg 

0.83 

s 

4x4x1 

13*^ 

3-7® 

5 40 

1 .go 

0.B3 

£ 

4X4xi 

5*77 

3*87 

4 ^ 

!S 

o.Bi 


4X3X* 

I1*E»S 

3 *6 

a.36 

1 .oH 

“■85 


Sxalxl 

6* C 

1 99 

1.01 

0.58 

q.g 

£ 

Sxalxl 

$.53 

3.51 

1.37 

0-73 

D.6fi 


aixalxl 

4.o7 

Lie 

0.68 

q.3B 

0.50 

1 

aixalx^^, 


1.47 

0,S3 

0.45 

“■3< 

u 

Blxiixl 


1*55 

0.® 

“44 

“■47 

Si. 

3X9X 1 

4.64 


0-47 

“■34 


1 ™ 

sxilxl 

*■79 

o.ia 

0.15 

0*14 

0.43 

i 

2x]ix 1 

4.01 

i.ifl 

0.30 

q* i g 

0,41 

M 

tlxaxl 

*79 

a.Sa 

0^31 


0.33 

.3 

tlxaxVi* 

9 4' 

l.Oo 

0,32 

0,3® 

0.30 


tfXilxVt* 

3.^ 

t .CQ 

o.ao 

0.33 

D.Jj 

K 

lix lix Vu 

i*Bi 

D-33 

O.ll 

0.03 

Oh,» 

cfl 

[ X I X ’/it 

uil 

OM 

o.oS 

q.of 

0.31 


» X IX 1 

fl.Sa 

0.3^ 

p o.dis 

D. Iq 

D* igji 



^ DtmenakFtu arc: width of topxtotal dcpthX 


fhickjicss- 
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10^ GII1ANNHX5: dauauiai]# & 



c 



£^3 3 

0 3 S 

Mh 

X 

^ * 1 

Sue 

in*. 

M 

s 

Si 

1 ^ S 
i=S 

^ tM 

'5 S-S ' 

^ t> , 
o 4 a> < 

•17x4 

4 J- ^4 

13*04 

330.3 

6r.3 

i.oB 

ISX* 

36-37 

10.70 

345-t 

3 .fG,^ 

4b.6 

l *[3 


33-^0 

9 - 7 ® 

38.0 

1 1*14 

" 11x4 
iax 3 * 

3*-33 

36.37 

9-31 

7-76 

acio.i 

^ 59-7 

li;l 

'a 

*ltX 3 f 

36.78 

7 *« 

* 41-9 

35.B 

1.00 

*10X4 

50. ifi 

8.87 

* 50-7 

30 .[ 

1.16 

iox3j 

34.46 

7-'9 

*“ 9-5 

11*9 

1*03 

rox3 

tg.*8 

5.67 

83*7 

t6*s 

0.84 

; 5 X 3 * 

33-63 

7,54 

is? 

89 3 

10*8 

t.03 

•9x3* 

S3.37 

83*6 

10.4 

1.03 


19-91 

5 h 

67-4 

13.D 

o.Bj 

*r.ii 

17-46 

ao.at 

5-14 

5-94 

6* 5 
60.^ 

* 3-9 

15.1 

4.66 

T.04 

11x3 

* 7 X 3 ^ 

;i;d 

4.69 

5.38 

46.7 
43 .3 

ii*7 

[ 3.3 

0*87 

^;St 

j.uS 

7x3 j 
*6x3* 

14.73 

iS.+a 

4.ca 

4 - 6 S 

33.8 ! 

38.9 

S'? 

'6x5 

il-St 

4*86 

36.3 1 


D.87 

6x3 

13.41 

3-65 

31 .^ 

7-1 

0.88 

SXsrt 

le. 33 

3 -*i 

1 r .9 

4.8 , 

4.7+ 

4X1 

7.^1 H 

J-S 3 

5-1 ! 

; 

0.58 

4X a 

7 h 

s.og 

5 ** 1 

a *5 i 

0.5B 

* 3 XJ* , 

3.ir 

r.yt 

1*9 1 

t*s 1 

D.44 , 

3x1* 1 

5**7 

1-53 

3.4 

1.3 

0*44 

*3x11 

4,60 

J- 3 S 

1.8 4 

1.3 

0.4+ 



*Ml 7 lccd irc 
[i0t i^ncnlljr 
roHeJ in 
IndljL. 


t It Weight of oiK fL of Sheets of Different Metals in 
!l». for 1/16 in^ (16 B, Gauge) thidcnesi. 


C. Iron 

W. Iron 

Sirct 

Brsfi 

Copper 

Leu! || Zioc 

(1 

2.35 

2*54 1 

2.53 

2,7+ 

2.68 

3.71 j 2.34 


The weight of structural steel plates is cakuLated on 
the basis of 40.S0 Ibs^/iq. ft. per in. of thickness. 

See page 4/38 . 
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la. FLAT STEEL TIES FOR TENSION MEMBERS 


Tensile Strength in Tons at 7.5 tons/sg. in. 


' 

Sue 

] Rivci deducted of 

dia. 

S»e 

1 Rivet deductol of 
dta. 

UH. 

1' 

*' 1 

7^' 

int 

•' ! 

1 

r 

7i' 

X 

fit 

i.Tfi 

a-M 
a.53 

3.52 

S.afl 

^xtd 

4&2 

3-03 
3.Si 

4 57 

a.81 
g.Sa 

4raa 

1 

aixj 

I 

4.aa 

5'“7 

6.3a 

S.44 

8 . 9 f 

4.98 

5 97 
7*97 

4 92 
6.15 
7*39 

9S5 

VM 

563 

93 * 


I3» RIVET HOLES IN TENSION MEMBERS 
Area in sq. iiiehei to be deducted for each rivet hole 


Dia. 
Rivet 
m ia^ 


J. 


ThickAcai of plate in ixtclica 


i 

7 » 

1 

7 i, 

.070 

■ ICQ 

> 118 


.109 

■'37 

.1&4 

1 -S416 

.141 

,176 

1 

.174 

.313 

^358 

-SOI 


■254 

*905 

*355 

a 

*293 

■ 3 S 2 

.598 

.4td 

■465 


A 


iflSi 

1 

■Ml 


% 


*508 


r-/: 


.703 

■ 7 $ f 7 


-930 


Area to be deducted from xny bar for one hole 1 /lS' 
larger in dla. than the bolt or rivet. 















































DEilQN & PROPERTIES OF STEEL SzCTtONB 4/^1 

14. WEIGHT OF RIVETS 
Wdghtm Lbs. of 100 Steel Cup Headed Kive^ts 
iacluded Head {approa^) 



Diameter oT Rivet in lnchct« 



15. WEIGHTS OF GALVANIZED ROOF FITTINGS 


Cup Headed 



Roofinfl Screw* ( ai''' 

4-7 

Riveta 

i"xr 

^.1 

r {3*” 

S -3 


Fxr 

3*3 

tr 

7.0 




r*-xVir 

ao.4 



5.6 

Hwk Bolts \ 4"xr 

aS.o 

ISctlix and 

iF'x 1" 

$.t 

J 4 rx'/ 3 *" 

M *4 

Nutj ^ 

i"xt" 

4 7 

1 4rxr^ 

3t.o 



4-« 




Li"xr 

4.0 


373 

Ri>ofiiig 
^nt Or Naik > 

Si" 

5,1 

Waaheim Roiaid and Flu fee 

1 ''" JUveta and Naill 

1.0 


3 " 

6*0 

WaAen Curved {Limpet} 

G.f 






































WEIGHT IN LBS. OF WHITWORTH’S STANDARD BOLTS AND NUTS 
INCLUDING HEAD AND NUT 
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! 

8 

1 

.9 

1 

1 



!' 

o ' 




o 

I ' 

1 

" 1 

S’ 

i w 

d? 

o 

j 

ri 

C 4 


(B t S.8 ? 

^ ' J M ci ' 

?L 

(FI 

r- 

A 

A 

P, 

" . 


r- 

O 


*m 1 

s.ssa ossf 

Si - Ch« m ^ ^ j 



1 


Sfils 

n 

p* 

[fi 

fi* 

tn 

El 

m 

S*" 

•mil 

s 


f 



,1 

Q 

■n 

a 

P-. 

— 1 

1 4i 

'gs^l 

If 


- 

? 


lim Bff 

o 

* 

Ot 

p 

[t 

1 

'll 

< .fi 

bi| 

!ItP-+ --* ■ 

s 

fl 

'3 

1 

.9 

S 

S. 

JC 

1 

•b 

.5 

.3 

v 

M 

1 

■s 

n 

s’® 


































































17* WHITWORTH STANDARD BOLTS & 

Sftfe Loadj In Tension Members 


DEtJOK & PSOPSKTtEfl OP STBSL. SKCnONS 


4/^3 




1 

3 

O 

s 

d 

t 

2 
lO 
TJ 
§ 
-3 

u 

.B 

t 

S 

o 

fcO 

■» 

t 


in 






f 

o & 
4^ Jl 


0*0 

- 

nn 

? 

lO ^ 

- ^ 

■ 

— 1^ 

lo 


fl 

¥• 

1 

4“ 4- 

H ^ 

U ’V 



1 

SD O 
nn 

mfij 

C if 

rm 

^ "T 

" 

r* 

S 

£'iS 

8v A 

in 4rt 

to r* 

— r*- 

-41 n 


■1 


?5 

fit n 


m Cl 


1 


h‘% 

6l 

^ Bt 

e9 9 

P fcO 

■cf " 

- 

K 

? 

a 

K 

Ct » 




b 

i3 (O 

its 

Ui^ 

m 


f 

= 3 

P3 4A 

— 

f^St 

- 

o 


to Of 


Hi ^ 

5* 

r 

t 

IF 

909 
irt « 

7) P 

1 

? 

s 


t 

01 n 

sr 

D 

1 

1 

1 

STc 

35 

|a 

D 

l| 

S3 

*5 

• >i«- 

.fi ® 

11 

'g-: 

wjS 

^ l-s 

-JE 

_^-g 

s “ u '^3 

" 1^111 


,s 

t 

i 


Tbc nfc load {i amvAS at by muliipilyiiig tbf ajts without thrcadi by the ufe loitd allowed 






























iS. WORKING strengths OF STEEL RIVETS & BOLTS 

Shearing value @ 5 tuns/aq. m.j Bearing value @ lO lons/sq. in. 
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1 

r-- 1 



i 

^ 1 

* i 


— 

B? tfj 

s 

s 

td 

0 

■0 

r> 


rC 

U 

3 

0 



m ^ 

ei m 



g 

td 

s 

id 


■B 

p. 



a 2 
« ^ 

1 

4- 

r- 

J> 

tfl 

ft 

H 

C 

Li 

“Om 

S' 


^ 5 

•» 

« 

B* 

Cl 

■i- 

CT 

0N 


W 

.E 

0 

Li 

1 



— Cl 

« 

n 

ea 

m 

4^ 

E 


c 

i 

: 

• 


w e! 


QQ 

Cf 

« 

4* 


u 

H 


■$ 

r ^ 

3r 

ft 

n 

Bf 

>sa 

Bi 

n 

K 



S' 



IH- 

cn 

? 

» 

« 




< 

i ^ 

1 

t « 

0 - 

(0 

iS 

ft 

ft 

of t^lULQg 

flk 

C* 

1 

“ ^ 

0 


0 

;d 



Ift 

■P 

JS ?, 
a d 

« 

m 

» 

Bi 

i 

rt 

Tij 'b* 

m i»iv 

1 

0 

^ 'S ? 

f+ fti 0 

d e' d 

m 

I 

d 

n 

d 

r^- 

0 

nncq ^ 

tioaj" "eKI 

-H 

4 * ^ 

- 

M# 

ftlL 
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19. WIRE GAUGES-COMPARISON OF 


Diameter in iadiCK 


Imperiall Birtpin- 

Siandard jiham 


AmoricBa 

and 
Stirp 
(B aiuiS} 



Th« B,W G. diffen from 'B.G,* (BirinmgHiJO Cmge ) which k 
nnrrallv uicd for iheeti •nd hftop iroo. . , ^ ^ 

S,S.W.G, i» Stubb'* Steel Wire Gau^e and u ab*ul the iame as 

B W G 

wIs.W.G. U Whiiwrofth Suadard TAlrc G«u({C wt'i i* «*ucd 
Diunly for ihrcadt of bolt*, nutt apd KXCvn 

Zinc nuae ii jlifftrcn t and u u*ed for line rheeix- j n j-* 

Iti Inoia gauges geocraily ujed are S. W. G^ Fm witts •» 

for fbeds, ■ r 

**Gauge mcKuna'* are available nude of tWn uroia pui« of flat, 
circolar or oblong ahapea in which gauge LhieVnendi *1* ** 

the edges. 































30 - (a) FENCmCT WJRliS 

Wgjght of Galvanized Fencing Strand 
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OESIOK & PROPERTIES OP STEEL SZCTlOltt 

20. (i) FENCING WIRES 


aI ^7 


Gdvwilxcd Steel Bub Wtr> 

Approx. Weight of 11 » yd*, in Qjt 


N«. S S.W^Gf Oal’vuUed 
Wire Sexy StTmad 
Yd*, per ewt 





5 Ply 

e Ply 

13 S.W.C?. Lim Wir* 

lbs. 

sRy 

iFiy 

3 Point Ordinarv 

Bar^ round one wire ofllyr , 

19 

179 


to 7 

77 

5 mL apart. 





—B ina. apart 

[&| 






a Potot Thickai 

Barbi round cxne wine atuy, 

a} in*, apart. 

4 ^CHXit Ordinary 
Barbs rOuad ooc wire onlyp 
€ ini. apart. 

4 point Thkkat 

Barbs round one wire ottlyi 

3 inx. apart. 

4 Point ordinary 
Barb* round both wirei, 

5 in*, apart. 

4 Point Thicbext 
Barbs round both wires, 

3 ini. apart 


so 


as 


iAS.W.G. Um Wirt 
4 Point, Barb round one 
wire only 
3 in*, ap*^ 
bin*, apart 


=5 


Galvsmizjed Wire 7 Fly 
For CoySi Stays, Signal* 
snd Feodng 


l6 


1 ^ 

d ^ 

a 

ud 1 

IS ' 

7 i t 

■ 

i {2 

7 k 

7^16 

9 

S/B 

10 

S^i6 

1 

- S/ 3 * 


14 

m 

7 / 3 !J 

1 

3/i6 

lb 

l/B 

IS* 


U 

5 j 

JS 


a 

H 

< A 


69 

95 

iqO 

l&a 

flSfl 

am 

gra 

4B1 

lOll 


^840 

idSa 

B50 

74 ^ 

530 

410 

*95 


Ire barbed wire 1* locnwa uy i,wu^ib ^ 

calkd “line wires" which are gencTallj' of 12 or 14 
l>KUorSeksMicithet(pfatwinUof4PO““'''^ 

-trail ini u 8 u>». l-rr. 4 p«=rb.<t» 

ue OMfO rommoiu 


«|fe 
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PHACTICAt. CrVIL ENOINEtRi^ HANt>B001C 


J** a —^ 
' f— c3 


T 

b 
d 


ai* spacing of HOLES 
& SIZE OF rivets 
IN ROLLED 

Sections 

(Dimemions in mch«J 


h-f —< 




C 

Rivet 

a 

1 




1 


Vi 


jf 

1 

k 

a 

rl 

t 1 



I 


■i 

1 

a| 


I 


* 'I 

7* 

3* 

s 


4 

ai 

a* 

V. 

V. L 

5 

3 

Vi 

5# 

3i 

v; 

$ 

3l 

7i 

6* 

3f 

v: 

7 1 

4 

V. 

a 

4i 

Vi 

a 

- 5 

Vi 

to 

5l 

V. 1 

J3 1 

a- 1 

V. 


4 

4 i 

st 

3 

3 

3 

4 


■1 

3 


Leg 

rr 

Rivet 

a 




i 

i 

Jt 

3 * 

Vi 

, I 

i| 

f 

si 


} 

! 4 

at 

I 

a* 

1 


af 

» 

5 i 

3 l 

f 

a 

3 i 

1 

a* 

3 t 

V. 

7 l 



* 1 


Vi 


Where 3 holes are 
made in Angle legs : 

Taking distances as 
b, d, e from the edge, 
the dunensions are;— 


Sizes given for L_* 
*pply Co Channelx and 
sizes for R.S.Js apply 
to Ts. 


Leg 

' b 

d 

c : 

B 

a 

TO 

I? 

[~ 2* 

1 

4 

a 

n 

3 

2^ 

2 

n 

3 
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22 (i). ( 30 RRUGATED GALVANIZED IRON SHEETS 

The following table givo the Spans the Sheets will 
_ carry for a load of aa Ibs./sq. ft. 


Gauge {B.G.*) 

i 

Lli 

^ i8 

3d 

aa 

34 

aS 

‘ 


Lnsyih in fl. 
{wkhmii Upi) 

7-4 

' 6,0 

^■9 

5*3 

4.6 

4* 

Can lileven wilt 
^ only i of 

WiTh end lip of 
_9" livrted. 

9-0 

7-6 

®-5 

6.0 

5-9 

4*7 

these lengrlu^ 

Weight of CaGX Sheets ^laJd) In Iha 

a per 100 Hq 

a ft. 

Gauge (B-G.*) 

i8 

40 

1 34 

i =♦ 

aS 

Wj[hcwt laps 

-- 


a,l 

=4^ 1 

iSs 

1 'S5 

i.. 

93 

With 6 " end fap, 1 
■ide Lap 

comigatkv 

1 

373 


*75 

1 '+® 

(00 

Wiih 6" end Lap, n corrugnJaofu 
l»dc lap . 

3<^ 

333 

195 

163 

"9 


Tor 3'" cojTUgationi P=-3'" and f 
For 5" dorrugaiioni P^5'* a4idd=.ii" 


..I_^ 

<■ ■ ^ 

P -hd. 

fB.G. it th«t gawBe-ror lisa kc Tihla ai p,g„ ^ , 

8/3 and: laH •« 3" cortugajjoin xh«ca. Ifir r ,1 _ * ^ 

manuikerumJ in Indta arc 3" cfirrujEatkini^ ft/* ™?^^****^ oiually 

•«-. «ip«ivdy. •**""*‘ *9 hn.. »d 3J 

Ou. 1, Clan a m CIa» ^ ***= * 77 / 51 . 

MUd Jtecl Ijiacic sheets ihoutd h. ■ .. 

coadt, .f apel«r {alloy of amt), 
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three classes acoordiiig to the thicknss of the zinc 

Extra heavy coating of zme, avera^ 11.50 oz^/sq. n. 
Class 2. Heavy ODadng of zmic, average a.00 ra./sq. fL 
Class 3. Medium coating of zinc, average i * 50 oz./3q. ft. 

The weights represent the total weight of ibc, both 
sides Lfidusive, Cht any random sample selected, the 
coating shall be not less than So per cent of the average 
specified for the to which the sample belongs. The 
following table gives the exact weight of galvanized sheets 
(plan fiat surface) based on the thidenesa of zinc coating. 
B.G. is thickness of ungali-'anized sheets. 


NominaJ Weight of Galvanised Steel Sheet* 
Lba. per sq. ft. of plain flat surface 


B.G. 

1 i 

i 16 18 1 20 1 

24 26 1 28 

30 

Glaw i^Coatlng of zinc 

2.50 oz* per aq. ft 


2.6439. lafrji .716^1.400 

’ i 

1,144^.93710-777 

0.650 

Class a—Coaling of zinc 

2,00 OZ. per sq, ft. 


2.6t 12.09^11.684^ * -36Sj 1.112 0.9050.745 

0.618 

Class 5—Coating of zinc 

1 . 50 oz. per sq. ft. 


■ i ^ ! 

2.5802.063 i-®53'* -337 

1 1 ' 

' 1 

I.O 0 tjO. 8740.714! 0.587 


Black sheets are rolled from low carton mild stceL 

The sheets should be free from cracks, pittings, blisters, 
laminations^ twists, scales and other surlacc delects Black 
sheets required for galvanizing arc annealed, sheets arc 
corrugated before galvanizing. 

The above is baaed on the recommendations in iS: 27? 
of 1951. 

Testing of sheets and methods of galvanizing arc given 
In Section 5. 
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^3. MILD STEEL BLACK SHEETS 


Caiige 

Equivalent thicknras 

Weight of 

B,0, 



iheet/». ft. 



lb*. 


loch 


*5/0 

i'' 

1.D00 



[O/D 


■Tga 



3/0 


*500 



o/o 


■445 



t/o 





[ 


■353 



a 


■315 


3 

4 


.oSo 
.3^ j 


Ncit 

nuniifilcbjcel 

3 

,333 I 


ia India 

fi 


,igS 



7 


,176 



i 


*137 


6,41 

9 


,140 

5»70 

to 

4" 

,T3^ 

S*to 

ti 


,1113 

4*54 

19 



3*w 

*+ 

i/i6" 


3*20 

9,85 

tQ 

.0635 

3*55 

*z 


■ 0555 

9*37 



■ 0455 

3,03 

ig 1 


. 0+40 

i*3o 

30 


.0392 

[, 6 o 

31 


■0349 

1.41 

33 

1/32" 

■ 0312 

[.30 

33 


.C137B 

[*[* 

=4 


■«47 

[.01 



.0330 

.oigfi 

*y» 

,0QO 



.0174 


*713 


1 /G 4 " 



Mj 

*9 


*0139 

■5*7 

30 


*0133 

,501 

31 


■ Olll 

■449 

33 


,oioJ 

■ 40 a 


Widths and Imgtba 
muiiiikcCu cd 


*2 


CL 



6 

d 


m 



n 

fii 

A 


3 



A 

" 



ct 



O 


a 

1 


1 

u 

d 

ji 


pd 


[Q 

10 


9 

s 


0 . 

a. 

J 

a 

,a 

1 

g 




I 

J 


« 

« 

« 

H 

H 

T 

T 

T 


‘f 

T 


J 

J 


n 



s 

,s 

'a 

! 

% 


Wlum shcco lire 
j^alvuiixcd coattti|t 
if Iliac b uidcd nt 
the rate of a.^fl otj, 
BitR m., Dr LjDDEf 

ft,, both 

■idci mcliiiivc. 
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34* WEIGHT OF SHEETS OF DIFFERENT METAl 
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35. EQUAL ANGLES 
Dimciutou M Proptrtle* 






g ' 


0 8 

lUiii ; 

Sizr 1 

Wl. 1 
pcrh. 

Area 

Pi 

III 

Section 

hiodutui 

Lni^ 1 

Ibfs 

«q^ in* 


J: 

kO 





t5 

about 

about ! 

about 





X-^X 

V—V 

X—X 

Ixlxf 

o.ja 

D, 179 

0.09 

o.odO 

0-t39 

0.OJ5 

0-096 

1:k|x| 

1.13 

0.313 

o.=7 

0.013 

0.143 

1X1 xf 

D.So 

0.934 

0.99 

0.D90 

o.]|i9 

0.098 

txixVii 

1.1& 

0-34 

0-31 

0.03 

0.19 

0.04 

(X ixl 

l-« 

0-437 

0-3S 

0.035 

o^igo 

tJOSJ 

lixiixi 

L.DI 

0.3P 

0.3+ 

D-fU 

O.Qb 

D-24 

O.Ofl 

lix ilxVti. 

*■+7 

0-43 

0.37 

o*B4 

D.D7 

l^xt 

1^91 

0.56 

0.40 

0.07 

0.94 

D.09 

lixilxi 

1^93 

*37 

0.4a 

0.07 

0.99 

0.07 

ilxilxVu 

1-79 


'1-43 

0. 10 

0.93 

0. to 

ii4x [)x^ 

It 

0.^ 

0.40 

0 . 1 % 

0.99 

0.}; 


0.^84 

o.4» 

0.10 

0.99 

0. iS 

lix i{x*/m 

9.11 

o.'Ga 

0-49 

O.tJ 

0-34 

0.14 

l|x llx^ 

9.76 

o.Bi 

0-33 

0.99 

It 

0.1B 

i|x ifxVi* 

3-39 

l.CO 

0-54 

O.9I 

0. 99 

ixaxVii 


0.71 

d »56 

0.96 

*.39 

O-I8 

axtxl 

3*9 

0-94 

O.sB 

0.34 

It 

0.94 

aX9X Vji 

s-ga 


0-61 

0.40 

0.99 

aXBX} 


'T 

0,^ 


0.38 

0-3# 

9iXBiX‘/,4 

9,75 

OrBl 

0-60 

0.44 

0.93 

alXfiixt 

S,6i 

l.ofi 

0.64 

0-49 

0*4+ 

O-JD 

six six Via 

4-t| 

1.31 

0.67 

0.59 

o.Gg 

0-43 

«-37 

a^x-j^x i 

j.aG 

1.35 

D.69 

0-43 

0.44 

a|X9^xl 

1:^ 

Vll 

0.70 

0.G8 

0.40 

0.48 

*■38 

lix9llX‘/it 

t.46 

0.73 

0.^ 

0.47 

X Zi X 1 

1 5'9“ 

1 t-73 

' *' ^ 

0.36 

O.j^ 


aixsilx^/n 

a^xalxl 

, h 

a. DO 

a-^ 

i t:& 

1.133 

I.BI 

D.4S 

0.4& 

0.63 

1 0-7* 

aix9lx| 


1 t.31 

1 0.7® 


t>-M 


ajxulxi 


1 *-93 

1 O.Bj 

J.30 

0-33 

1 0.07 

2ixii|x| 

6.50 

^ a-so 

J o,8€ 

1.64 

O’M 

1 o-»y 

»X3Xi 

i 4.S9 

L *-44 

1 0.®3 

1.30 

o-» 

! 0-55 
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equal angles (GwffiwiBi) 


Sbc 

iiw. 

Wt. 
per ft. 

U». 

Area 

- 

B *9 I ■ 

1^1 !. 
S - 1; 
"SwT 1 
X—X 1 

Ht 

about 1 

V—V 

- ■" 

Min : 
kotiop 
[odiilu^ 
■bwi 

X-jX 


6.04 

uTfi 

S:IS 

1-47 1 

1*78 1 

4-5* 

0*58 

0.81 

SX5x| 

3x5x1 

rdn 

5ixsixl 

9*S5 

8-45 

It.05 1 

J3W 

a-43 1 
S.73 
8^«g 
3.49 ' 

3* =5 1 
3-99 1 

0.90 

0*9* 

0.97 

i*«j 

1.105 

i.«9 

1-fi^ 

3.1S 

a.gfi 

a. So 
3-57 

D-5B 

o.ea 

o.fia 

D.ea 

0*93 

t-05 

0*94 

(.13 

1*48 

1-77 

4X4x*/i* 

fi.17 

lU 

I.IQ 

«,ei 

0*70 

'a 

:^rxV. 

9'73 
11.85 


1,15 

“I 

4.67 

0-7B 

0*78 

t-Ti 

[*9S 

TA 

4x4x1 

5x5x1 

SX5x7,< 

ia-73 

14.33 

15.6S 

it.afi 

14.3$ 

ti; ' 

4-19 

1*30 
[.» 
1*37 
1-39 1 

i'.CH 

fl-53 
9*ai 1 

0,77 ' 

0.77 

D.gfi 

0-9® 

'a 

a-35 

a.71 

lA 

ifi.ifi 

ifi-ofi 

4‘73 

i-4a 

1*44 

t.A't 

tl.O# 

ta.aa 

*3-37 

o.gS 

0,97 

0*97 

3,08 

l;?s 

*6xex7i* 

19^93 

14.83 

17+M 


;:S 

t.fi* 

t4-» 

17-85 

t.iB 

i*[S 

3-4“ 

1 3*» 

'6x4xi 

•CxSx^U 

•fixGxI 

•6xex“/,t 

19*53 
at.87 

|-7S 

e.43 

7.» 

1 7-7* 

i.ee 

t.fig 

1*71 

1*74 

19.48 

ai.«4 

69-73 

43-77 

1.18 

1.17 

]*t7 

1.17 

1 4*49 

5-oS 
' 5*34 

6.tH 

GxGxI 
ex fix 7, 
SxSx7( 
^fixSxl 

38.89 

Mifl 

i:g 

8*44 

9.fit 

wt 

3.17 
a.90 

87*74 

31*51 

Is'^ 

' i*t6 
1-5® 
1-37 

fi*54 

‘ l;S 

10,09 

SxSxt 


11-44 

aS 

6a*5» 

;;P 

\'.:U 

*fix8x»/u 

•8x8x7i 

•flx8x**Ji* 

*Bx8x t 

1.96 
43 M 

48 « 

1 it.Oi 

18*94 

iS-“4 

14- 19 

15- flO 

8.90 

t-ss 

8-35 

73*57 
7* 44 
89.80 
87*^ 

1 

:j:S 

13-35 


*M*rked KCtioM wi: no* gtsituDy roUed fe* Indis- 
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ag. RAILS 

IVopdrtief of Plat Bottom Riili mod on 
Indian Railways 



Bottoca 
width ; 

incbci 

WeMt of 
Railtn the. : 
per yard 

DhtiACO 
bom top 
of Rad 
10 NA. 
inchex 

Section 

Moduli 

about 

X-X 

Moment 
of Inertia 
about 
X-X 

Radii if 
Gyntiod 
about 
X<-X 

Total 

dqxth 

inebex 

5.000 

100 FF 

3*03 

15-40 

46-7® 

a*t8 

6.0W 

5-575 


3*95 

13.05 

3®* 43 

4*09 

5-635 

5'575 

goBSSFP 

3.Bo 

t3-33 

54-51 

l*5P 

5-375 

5*000 

^-373 

By FF 
B4EH 

a.M 
a. 07 

*1-50 

9-50 

39-73 
37-37 ' 

1.05 

5.150 

5*469 

3.50D 

B5BH 

3-Mr 

10*46 

50*70 

1.91 

5-550 

9,406 

4.8[a 

ySDH 

75 R 

5^73 

aebt 

EO*^ ' 

9-73 

47-47 

35.36 

;;ll 

5-437 

5-®0 

4.513 

3*373 

yjKiS FF 
75DH 

a.« 

0*60 

9-33 

33.97 

23-45 

1-77 

1*73 

4.B12 

5.187 

4*000 

4.5® 

74FF 

70 F F 

3.5a 

3.44 

B* 16 
7-4f 1 

ao.56 

lE-ai 

1*67 

t.65 

4-750 

4.56a 

3-437 

Bsdh 

a.50 

7-p 

19*66 

* r 

5.0D0 

a, 135 

68BH 

a.91 

7-da 

22.19 

1.81 

5-343 

a.3W) 

G4DH 

fl.50 

7-J3 

10.30 

1*73 

5-1*® 

4.000 

60 FF 

3*Sa 

B*9t 


[*$2 

4-5® 

4-313 

60R 

2.31 

7*04 

16.26 

t.66 

4-5® 

4-3t3 

60 ESS 

3.35 

5-77 

11.98 

1.48 

4-51 = 

4.000 

60FF 

3*13 

6*57 

13-99 


4-350 

5*®73 

sSiFF 

a.ao 

5*56 

12.24 

1*40 

4-3*1 

3-M7 

50BSS 

t.97 

5‘»3 

to. 10 

1.44 

3-937 

3-5«> 

50FP 

a*QO 

5-03 

t.0.06 

1*43 

4.0® 

3-5® 

40BSS 

1-75 

3-74 

6*55 

t*ag 

3-5™ 

5-350 

SSBSS 

t.6a 

S-M 

4-94 

1.30 

S-350 

3-1*5 

SSFF 

1.67 

s-S 

5-09 

l,3t 

9.307 

3-000 

SoBSS 

1*50 

3-39 

3*59 

I.U 

3*000 


For old Rjib dkc Momoot of locrds and Sectioii Modxihn d)o>uti] 
bt Tcducol by 12 i p« cent, wbere propmed 10 be uted ax bamx. 
Mio. Ridtui of Gyraiioa at Tifbi angle to 7 CX i« about i 10 f 
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30- STANDARD SIZES OF EXPANDED METAL 


Sizcof Miah 

Dimnutdcu of 
StnmLi 

Wdsht p« 
•q, yd. 

Gvhkc^ 
tiobo] ifcn 
pa^ EL 
SWM 

SWMxLWM 

Width 

TIuctnat 


k 

J /16 

j/tfi 

^33 

5/16 

3/16 

i 

j/16 

1 

j/t6 

3/*® 

f* 

|/t6 

fOtCn 

36^79 
5W M 
19.35 

17^31 

I5-3P 

la.qi 

t[.^ 

1:1? 

7.fi5 

5-7+ 

3*3 

tiPQO 

0.675 

0.750 

0.695 

0.5% 

0.500 

D.4« 

0.375 

0.313 
o.aBi 
0.9|W 
tt* [BB 
0.J25 

llx4i 

|/i 6 

3/16 

3/33 

3/iG 

3/16 

|/i6 

16 BG 

16 BG 
16BG 
iGBG 

«,gu 

t3-3» 

7*«3 

B.fiy 

i.ia5 

0.930 

0.750 

0.500 

0.375 

0.950 

0,950 

0.18S 

0.195 

0.094 

i|xs 

3/33 

l^tS 

rSBG 

1 DL. 

13 BO 

i in. 

iGBG 

1,37 

11.49 

S'75 

7.65 

3.B3 

0.07* 

0.375 

0.1B7 

0,950 

Oi 195 

tX 3 

3/*6 

j /16 

t 

|/i6 

3/33 1 

3/33 

3/33 

k 

11 BC 

1 

ri BO 

13 BG 
iGBG 
t6BC 
iS BO 
tGBO 
ilBO 
aoBG 

15.06 
13.46 
[0.04 
9.9* 
7-53 
703 
5.0a 
4.00 ' 
3*7« 
a'97 
a.35 

0-493 

0.436 

0.396 

O.aga 

0,946 

0 . 9 ^ 

0* i&f 

0.130 

0.193 

0.097 

0,077 
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5i2« of M«sb 

DimDuimi o f 
Strukdi, 

Weight per 
HI-yd. 

Grou «ec’ 
tiocul Orel 
per ft. 
SWM 

SWM X LW M 

Width 

Thickntt 


1- 

1 1 

|/i6 

isBC 

i£bo 

16 BG 

16 BG 
tGBG 
iBBG 

AQ BG 

24 BG 

33 «J 

*9 *5 
15.35 

9.18 

tt«a 5 

8.^5 

6.5P 

5.00 

3-75 

S'OO 

1-73 

[-onS 

r 

0.^53 

0^518 

0.368 

0.^ 

0.313 

0.183 

0 . 13 J 

o,og8 

0-057 


1 


13^00 

0.450 

. 


laBG 

S* ts 

0.318 

Ixa 

1 

i&BG 

6.45 

0.330 


3 / 3 * 

18 BG 

4-35 

0.138 


1 

18BC 

8^10 

0^3(0 


5/33 

i&BG 

6 - 3 » 

0^234 

1 X 3 

5 / 3 = 

18 BC 

5 - 7 « 

0^310 


S/ 3 « 

30 BG 

4 -^ 

0.170 


i 

16 BG 

$-00 

o.3$4 


1 

18 BG 

■7-00 

0. SfM 


3/3* 

18 BC 

2^00 

0.334 

[) 

r 

30 BC 

8.001 

0. 


3 ^Sa 

j8BG 

S. 5 U 

0* [W 


yja 

20 BG 

4-50 

O.J 47 


3 /sa 

33 BG 

9.50 

0.114 


1 

16 BG 

17.Oo 

0.556 


3/16 

[8BG 

' 14,35 

o.^n 


f 

18 BG 

13-50 

0.441 


5/33 

■ eBG 

13 .50 

0.406 


3/t6 
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yi6 

30 BG 

9.00 
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V 3 a 
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8*50 
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f 
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O.Otl 
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5.00 

0* 16I 


3/JE 

33 BG 

4.00 1 

0.131 
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SWM is Jhortway of mesh, LWhl is longway of moh. 
When ordering expanded metal it is necessary to ^afy 
which dimension refers to LWM or SWM. Size of mew 
is the short length of diamond. If only one mesh is 
mentionedfit means the shortway mesh. “The governing 
factor of the expanded sheets is the weight per sq. yd. 
The dimensions of the meshes, varying as they do wtlh 
the thickness and width of the strandsi arc to be taken 
as nominal only. 

To allow for the iadination of strands the safe 
tensile strength per ft. width of fabric shall ^ taken ^ 
85 per cent of tne permissible tensile stress o* ™ stra^ 
and the cross sectional area listed in the table. Working 
stress in tension is taken not more than 97,000 Ibs./sq. la. 

The weight of expanded metal sheets is calculated on 
the basis that steel weighs 3.40 Hw- sq- m- of noi^l 
cross sectional area per ft. run. The cro« section^ 
areas and weights ^vea in the table vary slighdy 
different manufketurers. Sizes of sheets “on^y 
stocked arc: 8 X 12 , Bxg, 8X4^ 4X*® (LWMxSWMi, 
but dzes upto 12X24 available. 
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I. DEFINITIONS OF TERMS 

BriliUjms is the tendcnry to brca^ or give wsy 
under an impact of load, and b the opposite of touglmess. 

Critical temperaturt* The temperature: at which the 
demetua of sled go into solution. 

Craunng is the pullying of round sections or wires 
through holes of succesaivdy smaller diameters (dies) 
which stretches the length and reduces the diameter. 

Ductili^ is the properly of being permanently extent 
ded or stretched (i.e., drawn Into wires) by a tensile force 
to a smaller section (before fracture). 

Elastici^ b the property of a solid material whereby 
it returns to its original dimensions upon the removaii of 
the applied load; provided the load has not exceeded _a 
certain limit called the dosfif limit. When tension is 
applied to steel it elongates slightly, the donganoh being 
proportional to the Load applied up to the elastic lirnit 
after which elongation increases at a much greater rate 
than the rate of increase of the load* When a load cans* 
tng stress less than the yield stress b reniovedj the steel 
cxHitracts almost to its origuial ^ length, but when yield 
mtress b exceeded, the deformation remaifu after removat 
of the stress load* (Also defined in Section 3.) 

Forging. Moulding a hot piece of iron to a diflcreiit 
shap e by hammering. 

Ligols. Castings of uniform sizes and shapes for Bub- 
■eqocnt rolling, forging or prooesaing. 

MalUalrilify is the property of being pcnnanentiy ex¬ 
panded or ^ttened into sh«ts without fracture when 
rolled or hammered. 

Milling. Different operations such as roUipg, drawing, 
(or^g, pressing, art c^cd milling. The milling opera- 
tioas improve the quality of steel and malce it ntore ductile. 

Pidaii^. Removing scale from steel by unmersion m 
a diluted acid bath* 

Rapid cooling by immersion, which may 
be tn liquids (water, oil}, gaica or solids (molten), or air. 

BisUintet is the prtrpcrty of a solid wh«eby it will sus¬ 
tain sbodt load without permanent defbe-madon- Re- 
fiilienoe is a test for strength and ductility. 
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Rolling. Cutings of iron (iogou) paa^ diroiigh 
roUers lo shape them into different sted aectiom luch as 
1, ht Tf rounds, flati and sheets. 

Tatadfy is that property by which a material rents 
a tensile force without giving way. 

Toughness is the property to roist tendency to fracture 
or break under bending or impact, and which enable 
materials to undergo relatively large deformadon at high 
stress. 

a. PRODUCTION AND GENERAL PROPERTIES 
OF IRON 

Metals do not occur m nature in a pure metallic state 
but in combination with other earthy impurities generaliy 
in the forms of oxides and carbonates, etc, Tren occurs 
tu various forms mined with stone and other unpuritites 
which are tailed Iron Qm, either as surface or underground 
deposits which have to be obtained by quarrying or mining. 
There arc various types of iron ores, the most important 
being : Red Haematite which is red in txilour and m 
oidde of hon coniaioiog 70 per cent of iron (with impun- 
ties) and is coosidcred to be the most valuable iron-pro¬ 
ducing ore» Brown Haematite is brown in colour and 
yields about 60 per cent of metalHc iron. Magnetite is a 
black oitide and when pure yields about 73^ per cent 
of metallic iron. Spathic iron ore or sidcrite is grey or 
brown iron carbonate which yields about 46 per cent of 
metallic iron. Iron ores are found in Affiam, Bengal, 
Bihar, Ortssa, Mysore, Central India, ^urashtra, ^j- 
putana and Utter Pradesh and are of difTcrent qualitio, 
that from Assam is considered to be the best. 

Iron ores are heated in a special type of furnace 
called Blast Furnace, under intense heat, which is called 
smeliing. Limestone, day and sometimes sand, is added 
with the ores as a flux, and charcoal and coke are used 
as fuel. The metallic iroii melts out to a liquid rorm from 
the crude iron ore which when solidihed is called Pig /row. 
The Impurities leA alter the formation of pig iron is call^ 
“^slag". Pig iron is then the raw material consisting of 
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a combination of pure iron with carbon and some other 
substances from which cast iron, wrou^t iron and steel 
are manufactured by various refining processes so that 
only the requbite (juantity of carbon and other elements 
remain. The pig uon from blast furnace contains about 
90 per cent of iron. Chemically pure bon b not an arti> 
de of commerce. 

Carbon plays a very important part on iron. Pig 
irons, which are cast irons, are classified into various grad* 
es and qualities according to the carbon contents snd 
other elements. The usual classifications arc : grey, white 
and mottled pig irons. Grey pig iron b more suitable 
for foundry casting works. 

Simple Field Tests to Distinguished Different Irons 

Hioi and Binding Tests. Cast iron cannot be bent when 
cold while wrought iron can be bent very easily and steel 
can be bent with some difficulty, cast iron breaks very 
quickly when heated while sted can be bent easUv when 
hot. 

Soitnd. Steel when struck gives a treble musical ring, 
wrought iron a note of a low pitch while cast iron when 
struck gives a hollow sound. 

Fracture. A fracture b steel b grannular, in wrought 
bon fibrous and in cast bon crystalline in appearance. 

Acid test. Dilute nitric add applied.to a clean fiac* 
ture of grey iron vrill produce a bladi stain and to a white 
cast bon a brown stain, while it will produce a greenbh 
stain on wrought iron and dark grey stain on sted. 

3. PROPERTIES AND USES OF CAST IRON 

Cast iron b obtained by remdting p^ iron with certain 
refining processes urhich are carried out in a special furnace 
called Cupola furnace which b more or Iw like a blast 
furnace. Lime b usually added as flux and coke b used as 
fuel for mdting the pig iron. Old castings or scrap iron 
are sometimes added with the pig bon before melting, 
these improve the quality of cast iron produced. Cast 
iron b an alloy of carbon and bon with or without other 
dements. Carbon in cast irons b usually between 1.7 to 
4.5 per cent- 
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Cast irons arc generally classified into three main 
varieties: Grey cast irons. White cast irons and Malleable 
cast irons. Grey cast iron is softer and tougher than 
white cast iron and can be easily machined, while white 
cast iron is hard and brittle and cannot be easily machined. 
Grey cast iron is generally used for engineering works 
and ordinary castings. These irons have ultimate tensile 
strengths of 9 to 25 tons/sq. in. 

AfalUabU Cast Iron: Is annealed white cast iron. 

It is stronger and more ductile than ordinary cast uron but 
is inferior to cast steel. It is softer and tougher than ordi¬ 
nary cast iron and can be bent cold, forg^ and welded 
and compares favourably vs-ith cast steel. It is generally 
freer from blow-holes than cast steel, and is also more 
resistant to corrosion, and withstands shocks and bloss's. 
Malleable cast iron has an ultimate compressive strength 
twice its tensile strength. It is used for small castings 
such as levers, door fastenings, hinges, pipe-fittings, hard¬ 
ware and agricultural implements. 

Small articles of cast iron arc sometimes only parti^y 
treated so as to make the outer crust malleable. Casting 
which have to %sithstand some blows arc also treated in 
this manner. 

The heavy percentage of carbon in cast iron makes 
it brittle, non-mallcablc and non-ductile metal. It. can¬ 
not be forged at any temperature, rolled, drawn or welded 
under a hammer. Cast iron cannot be punched or riveted 
like steel but it can be easily melted (is fusible at 2000 deg.F.) 
and cast into intricate shapes and machined. Molten 
fluid shrinks on cooling from about i per cent to 3 per cent 
according to the shape of the ^ling. This iron is very 
strong in compression but weak in tension and cracks when 
subjected to shocks. Normally ofTers excellent resistance 
to corrosion compared with any other ferrous metal. 
It can be made vcr>' hard by rapid cooling. 

Cast iron can be made hard and malleable by alloying 
with nickel and chromium, and non-corrosive with brass, 
bronze and other such allo>’S. Very intricate castirigs 
can be produced from alloyed cast irons. Its use in in¬ 
dustry is second only to steel. 
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Cut iron should never be used honzontally for either 
heav>' or variable bads, nor where the aUghest liability 
for shock exists for cast iron gives little or no wammg of 
approaching failure under tensile stresses. 

Foundry Work* Patterns of the articles to be moulded 
arc made either of well seasoned wotsd, metal or plaster 
of Paris, and kept about to per cent bigger in 512c to allow 
for ^e shrinkage of the molten metal on solidifying. 
Special foundry' sand is used possessing the necessary 
properties of adhpon. Pure silica sands w-ith very small 
quantities of alumina and lime give best results. The 
pattern is placed in the moulding box and filled around 
with the foundry sand; the pattern is then taken out 
jeaving behind a hollow core in which the molten metal 
U poured. The pattern is usually made in parts to facili¬ 
tate its removal. After thecasting has solidified and cooled 
it is ^ken out from the mould, deaned with a wire brush 
irregularities on the surlace are removed by either 
filing or chipping. Cast iron should be painted soon after 
it Icavra the mould to preserve intact the hard skin before 
it has time to rust; oxide of iron paints should be preferred 
to lead paints. 

Defats in Castings. A defective casting gives a 
^uU and deadenmg sound when gently struck with a small 
hammer, which indicates blow'-holcs and air bubbles in 
the body of the casting. A good casting should not have 
any cracks or honeycomb surfaces. The casting should 
be close-grained and sound to be corrosion resistant. Blow 
holes arc due to the formation of steam from the damp 
moulds; sound-holes due to misplaced sand par tides- 
rough surfaces are due to the chillmg of the Iron and failure 
to fill the parts of the moulds- shrinkage cracks are formed 
due to uneven cooling of the castings in parts of different 
thicknesses, 

of Cast Iron. Building columns, caps and bases 
of columns, brackets, water and sewage pipes, wbeds 
spiral staircases, gratings, agricultural Implements, etc. ' 

All cast iron used on works shouH be tough dose 
gramed grey metal, free from air holes, sand holes,' Raws, 
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and ^ith an even suifaCf- It should be suJIidently soft to 
admit of being easUy cut by either c hi sel or drill* 

Hard and brittle material is commonly light grey in 
colour having little or no lustre* A tough Iron is marked 
by a imiformly dilfused dark grey colour having a good 
lustre i a weak material is mottled in. colour and vrimout 
lustre* A light grey colour with pronounced lustre Indi' 
cates a hard and tenacious iron, and when a fracture 
shows up as a much mottled dark colour with an endre 
absence of lustre, the suitability of the iron should be 
Suspected with a view to rejection* Brazing or riveting 
is not done in cast iron; holes for bolts etc- arc either 
-drilled out or cast in the casting. 

Field Tests for Caatiiigs, Castings must be of such 
a strength that a test bar cast from the same heat of metal, 
g in* deep X 1 in. wide, placed upon bearings 3 fr* apart, will 
sustain without fracture a weight of 27 cwts* placed at Che 
oentre. Or, bars i inch square in section Laid upon sup¬ 
ports I ft. apart, should rsist a load of i ton placed m tl^ 
centre of their length, or a central load of 500 lbs. on a 
clear span of 4 A. 6 ins. 

4* PROPERTIES AND USES OF WROUGHT IRON 

Wrought iron is low in carbon content and is made from 
■white pig iron by remeiting and purilying it in the Puddling 
furnace. It is the purest form of iron with carbon oot 
cecding o. 15 per cent. It posscss<3 the important qudidcs 
of toughness, ductility, malleability and w^eldability at 
white heat (softens at 1500 to 1600 deg. F.) It is not fusible 
cjtccpt at a ver>' high temperature of 3000 deg. F. It 
becomes soft and plastic at red heat and oauld be easily 
forged at about 1650 deg* F*, and can be bent or twisted 
when cither hot or cold, but it cannot be cast into moulds. 
Is not appreciably hardened by quenching (suddenly, 
cooling) or tempering. Some grades are more rust resist¬ 
ing than steel and are at times used on hydraulic and 
marine works. It can be worked more easily than steel 
in threading machines* Mild steel which is stronger than 
wrought iron is now largely replacing it. 
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Uses of ’Wrongbt Iron. Wrought iron is used for 
making spikes, nails, bolts and nuts, wires, chains, horse¬ 
shoe bars, sheets and, plates, stay bolts, fish plates, ties, 
handrails, ornamental gates, straps for timber roof 
trusses, pipes andtubing, armatures, electromagnets, etc. 
Wrought iron is sold as “merchant bar” for subsequent 
working into various v^Toughi shapes. It Ls very suitable 
to resist icnsilc stresses* 

Fieltl Tests for Strength of Wornght Iron. Strength 
varies according to the grade of the iron. It is usually 
specified that a wrought iron bar should elongate so 
per cent of its length at the time of rupture under a slowly 
applied tensile breaking stress and lad under a gradually 
increasing stress of not dess than as tons/aq. in. Rivet and 
bolt bars should stand bending double when cold without 
cracking. Bars over a Inches in diameter should be 
capable of bending double when cold without cracking, 
to a curve of which the inner radius is twice the thickness 
of the piece tested. The better the iron the more it can l>c 
bent- 

5* PROPERTIES AND USES OF STEEL 

The term “steel” is employed in general sense to those 
alloy's of iron and carbon whose total carbon content docs 
not exceed 2 per cent and steels arc graded according 
to the percentage of carbon present* The smaller 
the amount of carbon steel coniaim, the nearer wiU its 
properties resemble those of wrought iron, and greater 
the quantity of carbon it possesses, tends to make its 
tharacterbtics similar to cast iron* A general classiHcation 
is as follov.'s:—^ 

Carbon o. to to 0.25% **Mild steel, low carbon stceL 
Carbon o.2Gtoo.6o% ..Medium carbon steel, medium 

high carbon steel* 

Carbon o.ffoto 1.25% ..High carbon steel, tool steel, 

hard steel. 

Carbon over t .25% .. Extra-hard steel, very high- 

carbon steel. 

:\ soft and malleable steel is required for rolling into 
thin sheets; a vcr\' soft an ductile steel is hard for drawing 
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into is^es, and a very hard and brltdc steel is required 
for making tools. 

Steels with carbon less than o.io per cent arc soU 
steels. Carbon in slructunil steel and high tensile steel is 
not more than 0,30 per cent and in rivet bars not more 
than 0.25 per cent. Increase of carbon percentage in¬ 
creases the tcnadltv and hardness with a corresponding 
decrease in ductility and toughness. The tensile 
strength^ hardness, yield point and clastic limit ol 
plain carbon steeb increase ivLth the carbon content up to 
about 1 per cent of carbon. The higher the pcrcen^gc 

of carbon, the lower is the meeting point which 
is bciwKn 1535 deg. c. for pure iron free from rarbon In 
11 CIO dcE. C. for 1. S per cent of carbon steel, hlost steels 
become hard and more or less brittle by hardening but 
very low carbon steels (and wrought irons) cannot be 
hardened or tempered (but they can be case hardened }. 
Harder varities of steel are better suited for tcmpcpng as 
carbon renders the steel susceptible to hardening, the 
degree of hardness obtained by the heat treatment depends 
upon the carbon content. Steel always contains ^me or all 
of the elements—manganese, silicon, sulphur, phosphorus; 
sulphur and phosphorus arc next in importance to carbon. 
Most of the steels arc highly elastic, malicablc, ductile, 
forgeable, weldable, capable of reedving different degrees 
of hardness by tempering and atfi CiisU^lc at a lovvcx tempci^ 
ture tlian wrought iron hove much 

higher tensile and comprcssiVcj^#trcngths than wrought 

iron and will sta nd w ear and tear much better. Smith ing ot 

steel is more difficult than that of wrought iron and it is 
more liable to injury from over-heating . Steel pjattt 
sustain greater injury when punched than wrought irod, 
therefore it is preferable to drill holes in all steel plates. 


All finished steel should be sound, free from 
surface flaws, laminations, splits, and rough, jagged and 
imperfect edges or any other surface defects. 

Mild Steel. Contains 0.2 to 0.5 per cent of carbon. 
Is an clastic but ductile material and is superior to ™ught 
iron in ductility and strength. It can be easily cut, 
machined, punned or drilled, welded, forged and rolled. 
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but cannot be hardened or tempered and cannot be used 
for making any cutting tools. Its high ductility enables 
the material to be bent when cold. Mild steel will recover 
from deflection when relieved of stresses if they have not 
exceeded the yield point, and where the yield point has been 
«cecded, it elongate up to about 25 to 30 per cent of 
its length before it breaks, which often permits a steel struc¬ 
ture to relieve itself of load overstress without damage. Mild 
steel is used for all kinds of structural steel works such as 
Joists, Channels, Angles, Bolts, Rivets, Sheets. 

field tests for structural steel 

(Based on 18:432, 277, 266, and BS: 15, 18, 785). 

Cold Bend Field Tests for Bars 

The test pieces should be cut lengthwise and crosswise 
from plates and lengthwise from sections and bars (mclu- 
ding flat bars). VVTien sections permit, the test pieces 
should not be less than ins. For cold bend tests, the test 
pieces should not be subjected to any heat treatment. 
Tests should be made for each thickness or diameter ^ 
bar, in a lot. 

The test piece shall withstand, without fracture, being 
doubled over either by pressure or by blows from a hammer 
until the two sides of the test piece arc parallel and, in the 
case of bars above 1 in. in diameter or thickness, the in¬ 
ternal radius is not greater than times the diameter 
or thickness of the bai^, and, in the case of bars of 1 in. 
and under in diameter or thickness, the internal radius 
of the bend is not greater than the diameter or thickness 
of the bar. 


Tests for Rivets 

The rivet shank shall be capable of being 
bent cold back on itself and haxnmered 
until the two parts of the shank touch 
without fracture on the outside of the 
bend. The rivet head shall be capable of 
being flanened at red heat to a uniform 
thiclmess and without cracking at the edges 
until its diameter is 2^ times the diameter 
of the shank. 
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Cold Bend Te»t for Hsurd-Drawn Steel Wire* 

The test piece shall withstand, without showing signs, 
of fracture, the following treatment: One end of the test 
piece shall be firmly gripped in a vice and the free end sh^l 
be bent round a radius ec|ual to the diameter of the wire 
through an angle of 90 deg., and then bent back in the 
opposite direction round the same radius t^ugh an 
angle ^180 deg., thereafter being bent back again through 
an angle of 90 deg., to come to the original position. 

The ultimate tensile stress of hard drawn steel wires 
is specified to be 37/42 tons per sq. in. w-ith minimum 
elongation of 7I per cent. 

Cold Bend Tests for Mild Steel Sheets 

(а) Black Sheets: 

A strip from sheet 18 B.G. and under cut lengthwise 
or crosswise, shall withstand bending through 180 deg., 
flat on itself, without fracture; while a strip of sheet ovct 
16 B.G., shall withstand bending through 180 deg. with 
an included radius equal to times the thickness of 
the sheet without fracture. 

(б) Galvanized Sheets: 

Shall withstand the doubling test as given for black 
sheets above. 

Strips I inch in isidth shall wthstand bending roimd 
a rod of diameter 15 times the thit^css of the metal with¬ 
out flaking or peeling the zinc coating 

The following tests are prescribed in 18:227—1951 
for galvanized sheets:— 

Test pieces, preferably *L* shaped, 9 ins. long and 3 
to 4 ins. wide, shall be cut both along and across the direc¬ 
tion of rolling. Samples of sheets shall withstand bending 
through 180 deg. around a rod having a diameter equal 
to the thickness of the number of pieces of the same gai^ 
as specified in the table below, without peeling or flaking 
of zinc coating. 
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• Number of Pieces of Same Gauge for Inside Spacing of Bend 


Zinc Coating in_ Birmingham Gauge for Sheets 


ta. per sq. ft. 

i6 

18 

20 

22 

*4 

j 6 

28 

30 

2.50 i 

10 

10 

II 

12 

12 

»4 

‘4 

'•4 

2.00 1 

8 

8 

9 

10 

10 

1 1 

11 

'll 

LSS L 

6 

6 

7 

8 

8 

8 

8 

8 


Methods for Testing Weight and Uniformity of coating 
on galvanized steel sheets are given in IS: 429—1954. 


Temper Bend Test. The test piece shall be heated to 
a blo^ red colour and then quenched in water at a tem¬ 
perature not exceeding 80 deg. F. The colour shall be 
judged indoors in the shade. The lest piece shall then 
withstand, without fracture, being doubled over either by 
pressure or by blows from a hammer until the internal 
radius b not greater than i i times the thickness of the test 
piece, and the sides are piarallel. 

Tests for Tensile Strength, Yield jjoint and Elongation, 
etc., (which arc done with machines) arc dcscirbed in IS 1223, 
226, 277, 432 and in BS: 15, 18, 785. 

Mechanical (Tensile) Properties of Structural 
Steel. Mild steel should have an ultimate tensile stress 
of 28 to 33 tons per sq. in.; yield stress (min.) 14.75 
15.25 tons per sq. in. (according to thickness); elongation 
(min.) 16 to 20 per cent (according to thickness) on a gauge 
length of 8 ins. (8 diameters for round or square bars). 

For steel which have no well defined yield point the 
yield point stress shall be taken as the stress at which the 
permanent set of the bar reaches a \'alue of 0.2 per cent of 
the original gauge length. 

For bars from which rivets arc cut a more ductile 
steel b sp>ccified having an ultimate tensile stress of 25 to 
30 tons per sq. in. and a minimum elongation of 26 per 
cent on a gauge length of 8 diameters. 

Working Stresses arc related to the yield stress since 
for normal design purposes a steel member b assumed to 
become unserviceable w'hen it commences to “yield". 
Working stress in direct tension or compression b taken 
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about 60 per cent of the yield stress in tension which gi^xs 
a factor of safety of about i. 7 against failure by yielding 
and of about 3.3 against ultimate failure. 

For working stress in bending 65 per cent of the yield 
stress is taken, and for shear 42 per cent of the yield stress 
in tension since the yield stress in shear is 65 per cent of 
the yield stress in tension. Working stresses have been 
given in Section 3. 

Mechanical Properties of High Tensile Steel. 
High Tensile Structural Steel has carbon content not 
exceeding o. 3 per cent (o. 25 per cent for rivet bars) 
with ultimate tensile stress of 37 to 43 tons per sq. in.; 
yield stress (min.) of 19 to 23 tons per sq. in (according to 
thickness). For rh'ct bars ultimate tensile stress is 30 to 35 
tons per sq. in. ITiis steel is rather diflicult to weld 
and fusion welding method has to be adopted. 

Cast Steel. Is a high carbon steel; it is a term to 
denote any article of steel formed bjr casting. Used 
for the manufacture of high grade surgical instruments. 
Hard Cast Steel is used for making cutting toob. A smaller 
allowance for shrinkage b required for steel castings than 
for cast iron. 

Wrought Steel. Any article of steel formed by 
forging or hot rolling or hot working in any way. 

Hard Steel. Is fusible and gives a much higher re¬ 
sistance to compression than cast steel. It cannot be wel¬ 
ded or forged easily. Hard steel is used for special 
purposes such as, bullet-proof sheeting. 

Spring Steel. May be either medium or high 
carbon plain steel or alloyed with other elements in small 
proportions. Suitable for the manufacture of springs. 
Steel b heated to 760-780 deg. C., ouenched in oil, w ater or 
brine and tempered to required hardness. 

6. HE.\T TRE.\T.\ 1 E.\T OF STEELS 

Hardening, tcmf>cring and annealing arc the main 
heat treatments of steel. All or any of them are used to 
give the steel the required degree of cleslicily, hardnos 
and ductility, so that it could develop various properties 
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for different purposes. The properties developed depend 
upon the percentage of carbon and other elements in the 
Sled and &e treatment givcn» 

Hardettiog. Hardening means heating the meta] 
to a particular temperature and then cooling it more or 
less rapidly in a suitable quenching media such as, water, 
brine, oil, special liquids or air. Steels arc usually heated 
to temperatures between 95^ deg. to looo deg. G* accor¬ 
ding to the thickness of the section and quenched (suddenly 
cooled). Thin sections such as knife-blades arc cffcctivdy 
hardened by cooling in air» The quenching medium and 
the rate of moling is determined bv the degree of hardness 
required and could be anything irom ice-cold water to 
boiling water or oil j the quicker the cooling the harder 
the steel becomes* Quenching in water results in a much 
more rapid cooling than oil quenching* The larger the mass 
the longer is the time required to make the effect of the 
quenching reach the core, and the thickness of the material 
has also a great effect on the uniformity of the hardness 
developed in it from the surface to the interior* T^c 
suHace only of steel artidea could be hardened by heating 
with a blow pipe and quenching* Tbc hardness obtained 
depends upon the temperature to which the steel is heated 
and then quenched, the higher the temperature the harder 
it becomes. But if the lemperature exceeds 50 degrees 
above the upper critical temperature, it becomes too 
brittle to be of any pracdcal use. The steel should be lightly 
tempered Immcdidcly after hardening, otherwise it may 
crack. Steel can abo be hardened by cold mechanical work* 

Suitability and purity of the qiunching li^md h very 
important* Grease or adds in water arc objectionable, 
as the grease is liable to cause une\'en hardness and adds 
produce biiitlencss. Hard water is very satbfaetory* 

Ccjc-Hardcning or Ci^burising. Certain parts of machmea 
which arc subjected to vibrations, shocks, wear and tear 
have to he made of hard and wear resisting surface with 
tough inside. TTicse are made of low carbon steels or 
wrought iron w'hich are parked in a box containing a 
carbon medium and heated to a high temperature (900 
deg* Gi) for sometime at which the steel absorbs carbon 
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on the outer surface, it is then cooled suddenly by immersion 
in water. After the steel has been cooled it is reheated 
to a lesser temj>crature and quenched in air, oil or water, 
thus hardening all or part of the surface portion of the 
piece of iron. Wrought iron can have its outer crust 
partially converted into steel. This method is employed 
in small parts, such as pins, where the wearing property 
of steel is desired to be combined with the ductility of 
v^TOUght iron. 

Liquid and Gaseous Case-Hardening Materials 
are al^ employed. For the liquid case-hardening, the 
steel article is immersed in a molten bath of sodium and 
potassium cynides with sodium carbonate, maintained at 
900 to 950 deg. C. which results in the formation of v'cry 
hard surface. For the gaseous case-hardening, various 
gases and gas mixtures, containing excess of carbon 
have been employed. The article is placed in a furnace 
and gases are driven through and the hot steel article ab¬ 
sorbs carbon from them, which is then quenched to give 
the required hardness. 

Tht Salt Bath. Small articles can be given a hard case 
by immersion in a salt bath and afterwards quenched. 
The salt mixtures are proprietary branch. 

Tempering. Tempering is reheating of hardened steel 
to a temperature below its critical temperature range 
(or lower change-point) and subsequent cooling in air 
or quenching in oil or water. Slow and uniform heating 
for tempering u essential. In the hardening prex^ess the 
contraction and the dimentional change in the article b 
not uniform and the steel becomes very hard and brittle, 
therefore, another treatment b given wth much lower 
temperature. Tempering imparts ductility, increases 
toughness and reduces brittleness, and hardness 
can be modified. 

Annealing. A heat treatment in whicdi the iron b 
reheated to slightly above the critical temperature (light 
red heat) and then allowed to cool slowly. T^b 
treatment rids the material of internal stresses set up by 
uneven cooling or by rolling , forging or by usage which 
result in the loss of ductility and make the meud brittle. 
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Annealing reduces the ultimate strength but inmpei 
the ductility and brings batk the steel to the best physical 
state to resist fracture under sudden stresses. 

N'ormalizuig- Normalizing is done in place of 
annealing when the reduction of ultimate strengtli due to 
annealing is to be avoided. This is reheating the steel 
to a temperature slightly above the upper critical range 
and allowng it to cool freely in air. This removes any 
inequaiilics consequent upon previous heat treatment 
and gives a finer grained toi^her steel than docs annealing, 
Sphtroidizing is same as normalizing- 

Cftromsirfg. This is a process for converting the sur¬ 
face of articles made from rnild steel into stainless steel 
by impregnating them with chromtum- It is not a plating 
process but the chromium is caused to diffuse into steel 
altering the composition of the surface metal. Articles 
which are chromised indude tubes, sheets, nuts, bolts, 
WMjdscnrws, pomp components and other similar castings, 

7 PROTECTION OF METALS AGAINST 
CORROSION 

Galvanizing, The surface of iron or steel is coated 
with A thin layer of zinc to protect it against corrosiom 
There are two processes: Hot Dip galvanizing, and 
Electro-galvanizing (cold process). In the former process 
the article is cleaned in a bath or add and then dipped 
in molten zinc, the surface of which is covered with a 
layer of ammonium chloride (aal-ammonaic). This pro¬ 
duces a skin of zinc alloyed to the steel, A small quan¬ 
tity of aluminium is generally added to the molten zinc. 
The amount of zinc coating on galvanized sheets varies 
from 1 to 2 - 50 oz. per sq, ft, ^th aidw inclusive. Electro- 
i^vanizing is a process of zinc plating similar to other 
forms of electro-plating. The coaling produced by the 
electrolytic process is an improvement upon that produced 
by the hot process and the film of zinc although ample to 
protect from oxidation is porous and inferior to that pro¬ 
duced by the hot dip process, WitEi the hot galvanizing 
process, ductility and tensile strength of fine gauge wires 
or sheets arc reduced- Zinc will not adhere on a dirty 
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surface or scaly places and wll blister or leave out un¬ 
coated patches. 

Sheradising. Is a process for coating articles with 
zinc by packing them in zinc dust and hrating . 
articles to be coated are first dipped in an acid bath. The 
rinc combines with the surface of the metal at a tem^a- 
turc below the melting point of zinc which slightly hardens 
the metal superficially . The coating is very durable 
and can be polished. This is also known as ctmaiiaiton 
(coating ) process. 

Metal Spraying. A coating of molten zinc, dn, 
lead or aluminium, etc. is given by a spraying macl^c 
imder high pressure at the ordinary temperature. The 
surface of the material to be treated must be scrupulously 
clean. It b a useful method for the protection of works 
already in scrv'ice. 

Tin-plating b a process similar to hot galvanizing, 
tin being used for the coating instead of zinc. The 
tection afforded to iron and steel (against corrosion) by 
tin b less effective than is that of zinc. 

Electro-plating. Metallic coatings of chromium, nickel 
aluminium, copper or zinc, are given on the principles 
of clectrol>-sb; the article to be electroplated is nwde 
to form a cathode. The piocess produces very bright 
surfaces. 

In Xtckel-piating the articles arc usually copper-plated 
first. Before Chromium-plating the articles arc nickel- 
plated first otherw'be they do not rive a good finish ^d 
there b a tendency for peeling ot the chromiuim 
colour of chromium is silver-white and which wi 1 hold in- 
definitelv, but nickel has a little more of a yellow tinge 
and vA\\ turn black in some atmospheres. A suitable 
electrolyte for chromium plating is 30-33 oz. of chromic 
acid and 0.3 oz. sulphuric acid per gallon of water. 

8. STEEL ALLOYS 

An alloy is formed by mixing two or more metab in 
certain determined proportions while in molten state. 
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Effects of Certain Elements ia Steel 

Jfftikil in Sltii. Nickel improves tensile strength and 
elasticity and reduces the brittleness of steel* It imparts 
hardness, ductility' and resistance to shocks and Jatigue. 
Tmprovca endurance and wear, and gives corrosion re¬ 
sisting properties* The best properties are developed by 
a heat treatment, of quenching and tempering* 

ChTomiam in Ste^L Addition of T to 1.5 per cent of 
chromium to steel makes it very hard and tough* increases 
clastic limit and strength of steel. It is used for making 
chisels, drills* saw blades, dies* bearing balls and rollers, 
safes, cudery* etc. Both nickel and ^romium added to 
steel give superior physical properties than when 
dthcr element is added alone* Chromium imparts 
greater strength and hardness than nickel* 

Stainless Steels. There arc many varides of stain¬ 
less steel having diverse chemical compositions* Stainless 
Steel usually has I 0 per cent chromium and 8 per cent of 
nickel; chromium is an essential constituent of all such 
steels. It is very strong and tough, add and corrosion 
resistant. Stainless steds can be readily cold rolled into 
sheets* deeply pressed, machined and drawn into wires 
and tubes. Most of such steels can be welded by either 
the electric process or by the ox>'-acetylenc method but 
will not weld by the usual method of heating In a sniitli’'s 
fire* These steels are not good in respect of thermal 
conductivity and are also poor conductors of electricity* 
The hnbhed surface of stainless steel should be free from 
all scale* pits and cracks, otherwise it will rust. Stainless 
steel is 01 almost silver-w'hitc appearance. 

AlanganeSf ia Sie^L Manganese increases tensUe 
strength, toughness* hardness* durability and wear-resis¬ 
ting qualities; it is rc^rded as the best wear resisting 
steel (not abrasion-resLiting), Manganese in steel has 
beneheial effects for hot forging* rolling* and appreci¬ 
ably increases the depth and effect of the hardening opera¬ 
tion* This steel has a high electric resistance and a low 
co-efficient of expamlon. Used for points and switches in 
railway track crossings* jaws of stone crushers and rollers, 
etc* 
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TuAgsUn in StftL Tungsten irnparta great hardness 
to steel and best type of high-speed tool ateds could be 
made with it. Because of its high price, it is being repla¬ 
ced by molybdenum. Used for lathe toolsj drilb, rammeni, 
cutters, etc. 

Vanadinm tn Sled. Vanadium increases the tensile 
strength and hardness of steeL Vanadium steels are tough 
and will maintain their temper on heating. Hardening 
range of tool steeb is increased and it produces a dense 
fine-grained steel which w'ill retain its cnttdrig edge under 
severe service. Vanadium steels are used for high speed 
tools, castings for locomotives and other engine frames, 
automobile chassis, crank-shafts, axles and springs, etc. 

Copper* Improves the properties of cast and malleable 
iron and steel; increases the strength and hardness of low 
and medium-* car bon steelsj decreases the atmospheric 
corrosion of steel In locations where structural steel 
is exposed to excessive atmospheric corroaion, copper 
bearing steel may be used, 

Molybdemm in Sted* Increases hardness and strength 
of steel at high working temperatures and tends to ore* 
vent temper-brittleness. Molybdenum increases machln- 
atflUty and leads to no increased difficulties in welding. 
Is now being used as a substitute for tungsten. 

Tool Steels, Tlierc are two distinct classes; (t) 
plain carbon steels having small amounts of alLo^g ele¬ 
ments, which are gcneratly used for hard machine tools 
and (ii) ‘*high speed steels” which contain high p«ccntagei 
of alloying elements and vary widely in composition. Such 
steels retain their hardness up to relatively higher tempera¬ 
tures and arc used for cutting hard matcriab or for 
cutting at high speeds. The heat treatment of high-speed 
steels need special precautions; in forging this steel over 
heating should be avoided. For hardening, the steel 
should be heated to a temperature of 760 to 780 deg. G.and 
quenched in either water or brine. Temperature treat* 
meat has a beneficial effect on the life of the tooL steel 
should not be worked after the temperature has Men 
bebw about 700 deg- G* 
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9. NON-FERROUS METALS 

Alumininm is found in abundance all over as an 
oxide and is extracted from the ore called Bauxite. Pure 
aluminium is very soft and ductile therefore, is alloyed with 
other metals-copper, majfncsium, silicon, manganese, 
iron, nickel and zinc etc., which increase its tensile strength 
and hardness while retaining its characteristics of light¬ 
ness and durability. Aluminium has high resistance to 
corrosion. Pure aluminium is highly conductive to heat 
and electricity, being second to copp>cr. Aluminium is 
largely used in the forms of sheets, plates, bars, wires, st¬ 
ructural parts-both cast and forged, suitably alloyed with 
other metals (since pure aluminium is too soft for practi¬ 
cal purposes), and as fine powder for pigment in paints. 

Copper is an ideal material for many purposes and is 
next in importance to iron for engineering works. It b 
light, tough, strong, ductile and malleable metal with good 
properties of resbtance to corrosion in dr>' air, having 
neat and pleasing appearance. It can be forged, rolled 
or otherwise worked hot or cold and drawn into wires, 
and has a high thermal and electrical conductivity. 
Rolling, forging, drawing, pressing, hammering or other 
kind of working hardens copper and raises its tensile st¬ 
rength (although its ductility b decreased); ductility 
and softness arc restored by annealing. V'ery 
heavily cold-worked copper, which b generally in the 
form of wire, may have a tensile strength as high as 28 to 
^ tons per sq. in. Offers high resbtance to and retains 
Its form under high temperatures. Used for electric wires, 
cables, light gauge coppCT tubing for hot and cold water 
supply gas and sanimtion services, roofing sheets, etc. 
.Alloy of copper and zinc with over 50 per cent of copper 
b termed brass. 

Lead b a very soft, highly ductile, malleable, plastic, 
non-corrodiblc metal with low fusion point and very low 
strength. T^e metal b extremely resbtant to atmospheric 
attack and is not affected by soil and sewage effluents or 
industrial wastes. Lead is used for gutters, flashings, 
cbtern linings, water service pii>es, soil and gas pipes. 
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damp-proof courses of buildinn, lead sheets for roofing, 
cable covering type metals for printing, wool, (lead- 
%rooI) foil, smders for plumbing. Lead is widely used 
for making alloys and for paints in the form of oxides 
(white les^, red lead, litharge). Itreusts add actions 
and b used for lining of tanks pipes in contact with 
adds. 

Zinc b a bluish white metal, very soil, light and highly 
resbtant to corrosion for which properties it b widely used 
in various forms for engineering works such as, roof-sheets, 
weathering, gutters, filings kitchen table tops, electric 
batteries, and for galvanizing iron. Zinc requbes no 
painting. Has very low ten^e strength. Zinc oxide 
u extensively used in high grade paints. It b used for 
alloying with copper to make brass. 

Tin b a white lustrous metal occurring as an oxide 
ore. It b a very soft and weak metal but offers excellent 
resbtance to corrosion and add action under many condi¬ 
tions and it b for thb reason that it b so widely used 
in containing vesscb for food, fhiit and milk and fix pro¬ 
tecting cupper wires and cables, and for the jxocess of tin¬ 
plating. 

Monel Metal b an alloy of copper and nitkd which 
possesses the strong^ and toughness of steel and b non- 
corrodible. Resbts sea water, alkalies and some dilute 
adds. It can be rolled, drawn, cast, forged, soldered, 
brazed and welded and can also be machin^ readily and 
maintains high tensile strength at elevated temperatures. 
Extensively used for valves of pumps, pipes, etc. 

Brass b an alloy of copper and zinc, prop>crties v’ary 
considerably according to the varying proportions of the 
metals. Brasses arc ductile and malleable at ordinary 
temperatures and can be rolled into sheets, turned into 
tub^ drawn into wires, or cast into moulds. Brass re¬ 
sbts corrosion well. 

Chronsiom b a silver white metal, harder than steel 
and does not corrode or discolour even under intense heat. 
Used for alloying with steel and other metals. 
Chromium-plating b well-known. 
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Mtttybdennin b a bard and brittle dense white melal 
with high mdiing p<^t. It b albycd vdth iron, man¬ 
ganese, nickel or chromium in small quantities for making 
wKcial tool steels. Molybdenum has higher tensile 
Srength than mild steel and enables steel to maintain 
good tensile strength at high temperature's 

Tangsten is alloyed with steel for rnaking tool steels. 
This metal is three times as hard as platinum but mu<^ 
cheaper} is a very heavy element. Its melting point is 
twice as high as that of platinum. Is generally available 
in the form of a hard, brittle greyish powder. U is 
»bo used in the filaments of electric lamps. 

Babbit Metal b an alloy of tin, antimony and copper. 
This metal is used on important bearings under hravy 
loads such as crankshafts and crank pins. 

Tuitaluiu possesses very high tensile strength and is 
very ductile, is not affected by acids. It is alloyed with 
for making cutting toolSj drills^ files, ctc.|i and for 
making acid resisting alloy*. 

Vukadiuiti is a brilliant white metal of great hardness 
used as an alloying clement in steel. It la a costly metal. 

Broou is an alloy of copper, zinc and tin and coo- 
uins about Bo per cent of copper. "Fhosphor-bronae^* 
contains about i per cent of phosphorus and is extensively 
used for antUfriciion bearings, pump rods and for such 
purposes where a metal is expo^ to the weather as it has 
good strength and non-corrosive qualities. 

Gnu-metal is an alloy of copper, tin and zinc and some* 
limes lead is added, or is bTonze to which tin has been 
added. This metal has high tensile strength and elasti¬ 
city. 

BcU-metnl is alloy of copper and tin; iron, zinc 
^nd lead are fregncntly added. This metal is used for the 
manufacture of bells. 

German Silver is an alloy of copper, ^inc and nickel. 

Jtfickel Silver is so called because of the silvery white 
appearance. Alloy of copper, nickel and zinc. 
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White or Bearing Metal is so alloy of tin, lead and 
antimony with some copper- it pneMnts a smooth suT'' 
face and accommodates itself for any defects In the align-' 
ment of bearings due to insufficient lubrication and pm< 
ducdon of excessive heat. 


Fasible Alloys art a group of non-ferrous alloys which 
melt at very low temperatures. They are usually made 
of lead, tin and bismuth in varying proportions and iron 
only as an impiuity- Pusiblc alloys arc used as safety 
measure in controlling the rise of temperaturedi 
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TO- GENERAL PROPERTIES OF SOME METALS 
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11 . WELDING 

Vm* And AdvAntsgFA of Welding t 

(a) Welding requires much Less time (whitdi gives rapid 
production) than riveting, and is also more economical. 
Eadrc cross-section of tensioD members ts utUized 
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as there arc no rivet holes to be deducted, and can thin 
lake more bad. (^) There is saving of materlab for end 
connections, as no gussets^ etc^, arc required, (jf) Re¬ 
duction in weight of the structure. {«} In certain works 
welded fabrication is the most practical solution. 

Diflerent ProoetK* of Welding. There arc two 
principal types of the various processes : (i) Welding 
with pressure^ w'hich includes Forge welding and Thcrmii 
Welding (with pressure)* and (ii) Fusion Welding (without 
pressure ) which indudes Gas wielding, Arc welding and 
Thcnnit welding (without pressure). The Metal Arc 
welding of the Fusion welding processes is the moat iitt- 
portaut and is most eatenjively used. 

Forgt WtiSag or Plastic WtMing, The metals are heated 
to a plastic state and the edges to be joined arc pressed or 
hammered (manually) together. Wrought iron and 
mild steel can be thus welded without much difficulty; 
high carbon steel can be welded by a skilled workman* 
while cast iron cannot be thus welded, llic heating 
of the metals may be done through a blackstnith^s forge 
fire, or by means of an electric current passing through 
the parts to be welded. This process is confined to the 
welding of rods and small pieces. 

Metal-Airc Welding. An arc which is a bw voltage* 
high current discharge, is formed between the work to 
be welded, w^hich is connected to one pole of the electrical 
system, and an electrode, which is connected to the other 
pole. The heat of the arc which is about 5000 deg.C., 
raises the workpiece at the point of welding and the dec- 
trode to a very high temperature, the end of the electrode 
is melted and fuses with contiguous metal surfaces to be 
joined. This type of welding can be done on most of the 
mild steels ranging from light articles with a wall or section 
thickness of iG gauge to heavy fabricadons. WcIduK 
of cast iron caji be none with a ferrous electrode of soft 
iron. Smallest gauge electrode suitable for the job should 
be used and the casting should not be heated more than is 
necessary. Welding Generators and Transformcn are 
available for D.C. or A.C. currents. Most of the elect¬ 
rodes for welding mild steel operate satisfactorily on D.C. or 
A.C. but some materials may require A.C* and others D.C. 
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Oxy-Bcerytezie Welding, In this process ox\'gen and 
atctylenc arc fed through a blowpipCj aretykne gM 
burning in pure oxygen produces a flame which is ignited 
at its tip. The flame has a temperature of approxi¬ 
mately ^ooo deg-CL, and the edges of the two adjacent 
pieces oir the metal to be welded together are heated to 
fusion with this high localiied temperature; additional 
metal is added to the joint by melting into it a suitable 
electrode. 

The proportions of oxygen and acetylene forming the 
oxy-acctylenc flame is an important factor and the gases 
must be mixed in correct proportions otherwise defective 
wdda will be produced. Three Flame conditions are de¬ 
veloped , viz, (fl) Neutral, in which equal quantities of 
oxygen and acetylene are supplied and which is required 
for moat of the iron works, {b) Oxidizing, in which ex¬ 
cess of oxygen b supplied by the blow-pipe. This condi¬ 
tion must be avcddcd as when excess of oxygen 
is supplied to the torch it becomes iin effective cutting 
or burning tool; the heated steel ^ bums in the 
presence of excess of pure oxygen. This flame is used 
for welding brass and some bronzes, (f) A cMburumg 
fl^e in which an excess of acetylene is delivered through 
the blow-pipe. This flame is useful for hard-surfacing 
applications. 

The oxy-acetylene welding blowpipes arc so design^ 
as to bring the two gases together and to mix them in 
correct proportions, and to project them through a spedaJ 
noizle. They are filled with two small control valves, 
one for oxygen and the other for acetylene and serve as 
adjustment for control of the flame condition. The blow¬ 
pipe is fitted with a nozzle of the appropriate size which 
d^nds upon the type of the work to be donc,the metal 
to be wdded and its thicknessj^ and the type of the joint. 
Copper requires a larger nozzle than steel. 

The flame must be carefully regulated and so held 
that the tip of the white cone is nc^^er brought into contact 
with the molten metal but is kept about | m. from its 
furfoce. The exact distance of the white cone from the 
molten metal depends upon the kind of metal being wddedi 
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and its thickness. The welder should adjust the flame 
only after wearing coloured glass goggles. 

The oxy-acetylcne welding of mild steel is generally 
carried out with a neutral flame. High carbon steels 
are difficult to weld and need pre-hcating. Staml» 
steels can be welded with certain prccaudo^ Wrought 
iron b w-cll suited for ox>'-acctylcnc wddmg. This is most 
suitable process for cast iron welding for which two 
methods arc used : fusion welding and bronze welding. 
In the fusion welding process, cast uon filler matanal n 
used and pre-heating of cast iron is necessary. Bronx 
welding ol cast iron gives a stronger joint and can be 
carried out more quickly and easily than ftismn welding. 
Malleable iron should always be bronze welded. 

Oxf^ttylem WelSng Equipment noiro^ly comprise* 
(t) Oxygen cyUnders; {it) acetylene cylinders; (in) re- 
^Utors and gauges; («) welding blowpipes and 
(») hoses; (vi) welding rods and fluxes; {ett) goggl^ 
wire brushes, etc. Oxygen and ac^lene g^ ^ 
able in cyUnders Hose b of s^ type; 
b used for acetylene gas whiti is combusuble and black 
colour hose for oxygen, so that they are not mtcrchai^ 
C 3 omplete e<|uipment fitted m an iron frame with travel¬ 
ling wheeb is available. 

Oxy-acetylene welding b a slower process th^ 

arc welding, especially on heavy sections, and for thid^ 
nesses greater than | in. metal-arc weldmg is prefer^ 
•Thb process b generally used Iot repair works and lix 
thin metab as it has low operating and equipment c^ 

0 :^€tyUTu CtUting. Whens^ b h^ted to ateut 
Qoo deg.C. it wiU readily bum if fed with oxygen. Tm 
prindme b involved in the process of oxy-acetylene curang 
and the same equipment b used as for '^cld‘ng with a 
special blowpipe, ^e steel b first heat^ l^y a^ 
thm a jet of nigh purity oxygen b introduced^ to^ 
steel. Tlib oxygen cutting process can also be useo 
effectively for cutting iron and steel under water. 

Welding Rods or Wires {Electrodes) : 

The choice of the ri^t size of weldmg rod b bnporta^ 
and b based on the thickness of the sheets or plates to be 
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w«]ded; the melting of both should take place in the 
molten pool and not in the flimc. Ordinary welding 
wires of mild steel or iron arc unsatisfactory but wires con¬ 
taining a small percentage of vanadium or nicked pro¬ 
duce highly satislactory results. Ck>atcd electrodes ^ould 
be prcfcjT^ to bare wire electrodes* 

A simple test to Indicate the quality of an electrode 
or welding wire can be made by la^g the wire flat on a 
clean sur&cc and applying the welding flame to it for a 
distance of about 3 or 4. inches by moving the flame back¬ 
ward and forwara un^ the wire is red and then slowly 
melting the wire, moving the flame in such a manner so 
that the wire midta only half-way through its diameter. 
If the flame b withdrawn as soon as the rod metal begins 
to melt, the impurities can readily be seen being thrown 
off in the form of si^ks, or a boiling action in the case of 
inferior metal. When c^, an inferior metal will coutain 
numerous spongy, volcano-like irregularides. A good 
metal wdding rod will melt and flow' evenly without any 
disturbing actions* 

Sizt cf EUetnuies 


Mai* gugc or dia* of Elicctndc 

la be uicd 


TBu-lfrLTM. rf plate of 

KCtioo 


than */], 
a/16" to 
S16" to 1" 

V to *ff 

V," to I 

and over 


10 S. W* G. 
8 S. W* C. 
6 3 W, G* 
+ S. W. G* 
dla. 


Safety Preeantioiu Ibr thm Um of Oxywac«tyleo« 
£qui|Viient 


Haftdihtg aitd Sientgt ^tylrndtrs ; 

Do not allow cylmders to drop. 

Do not mix ga^ in a cylinder or flU one gas cylinder 
from another. 

Acetylene and oxygen irylinders should he kept apart, 
preferably in separate rooms which should be fire-proof 
and well ventilated top and bottom* 

^'-etylene cylinders should not be stacked but *houM 
always be stored up-right* 
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Cylinders should be stored amd used away from hc^, 
exposed lights or fires and inflammable materials, ana 
precautions must be taken against leakage. Gas cyl^m 
should not come in contact with electric cables or lea^ 
Grit, dirt of any sort, oil or water should not be alloww 
to enter cylinder valves. Dust and moisture should be 
expelled by opening the cylinder valve before the cylinder 

is put into use. c 

Any part of oxygen apparatus, (valves, fiiu^) or 
supply line must not be oiled or greased or otherwise 

repaired with white or red lead. 

Repairs to the cylinder valves should not be attem¬ 
pted by the user. 

Uu of Equipment : . 

Welders and work should, as far as possible, be pro¬ 


tected from wind and weather. r ^ 

A blow-pipe should never be put dow n or hung from 
equipments or stands unless the gases are turned ott; 

fiiuipment should be tested occasionally for leaks 
and before attaching any fitting, and it is very im^r- 
tant to see that the correct gas cyhnder is being employed 

T^*valves of the cylinders should always he op^f^ 
slowly and when dosing no excessive force should be 
used and the valves should be closed just suffiaent ^y 
to shut off the gas. Cylinder valves should be shut when 
cylinder u empty or when work has stopped for more than 
a few minutes. 

A metal wire should never be used for cleaning the 
nozzle where back-firing occurs due to overheating, but 
the tip should be cooled in water taking care to close 
the acetylene valvca nd to leave the oxygen valve slighUy 
open. If internal ignition occurs frequently the blowpipe 
s£uld be sent for repairs. By “back-fire” or “flash-tock’ 
is meant the momentary return of the flame into the blow¬ 
pipe dp whidi may relict immediately upon wiAdrawing 
the^blowpipc away firom the work or necessitate reignition. 

Rubber Hou. It is very important to inspect the rubber 
hose periodically for any trades, cuts or worm out places. 
All connections should be securely made as leakages are 
▼cry dangerous. 
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PrecsixitiOlu Agitinst Fire: 

Sparks irom a wdding^ or (rutting optratian are often 
thrown a considerable distance* ihcrcforc* precautions 
should be taken to cov'er or remov'e any articles lyii^ 
nearabout which might catch fire* before starting worlung. 
Lightning devices arc convenient and safer than matches* 

Before wielding or cutting any vessels or tanks which 
may have contained petrol* oil* spirits or any other in- 
Hammabk or explosive material* it should be made ab* 
solutely sure that they have been thoroughly washed and 
cleaned leaving no trace of the substance or its vapours. 
The vessels of tanks can be filled with water to wit Wan 
inch or two of the point where the llame is to he employed* 
aj a precautionary measure. 

All welders should wear special goggles fitted with suit* 
able coloured glasses which should not have inflammable 
tenses or frames* for protection from sparks and to prevent 
eyestrain. Welders employed on heavey works should be 
Supplied with fire-proof gauntlets and aprons as a protec¬ 
tion against radiated heat and where welding is done in the 
interior of some structure or confined space all the outer 
dothing should be fire-proof. 

Thermit Welfliag. This b a fusion welding process 
in which the faces of the parts to be jointed are pre-hcated 
by the burning of iron oxide and aluminium, 
A specially pepared mixture of aluminium and red oxide 
is placed in a crucible and ignited with a special powder. 
The reaction generates great heat and molten iron at a 
very high temperature b produced which is pourded over 
the edges to be joined* which are pne-heated* and it fuses 
with the surfaces of the metal forming a solid joint. 

Thermit process b used for w'elalng heavy sections* 
such as rail joints* punch frames and large shafts which 
would be difficult to weld by other methods. 

In the ordinary welding process* the usual method b 
to level the e^es of the steel plates so as to form a V-shaped 
trou^. Thb trough b then fill^ with the molten metal* 
BevSlng ensures good penetration, increase in ductility 
and strength* Materials of thickness less than ^ in* need 
not be hev'elledr AH materials from J in. to | in. or J in- 
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art b<r\'ellcd Tnm one side only and the brvd (houU) 
extend to the bottom of the plates* Thicker plate may 
be bevelled from both sides but ihoroi^h penetration and 
complete fusion must be obtjdned. If it becorocs 
sary to reweld a joint previously wdded^ it is rtsentiaJi 
that the previous weld metal is tniirdy retn^ed. 

There arc in general two types of welds : Butt wd^ 
and Fillet welds. Butt wdds he wihtin the 
jamed and fiUct welds are exterior to the parts to ^joined. 
Fillet wdds are mostly employed for structural works. 

Welds should be made in the flat position as far as 


*”*Frecdom of movement of one member should ^ 
where possible. The parts to be weWed should be 
thoroughly deaned and proper flux used. 

The strength of a welded joint should be taken only 

between 60 to 75 P" 

that if the welding is properly done it is possible to 
develop the full strength of the members 

Cuttings There are many cutting processses m- 

volving the UK of aq oxygen jet ot an electric arc. The 
miHt widely used is the oxygen cutting piocesx which 
has already been described under Oxy-acetylene wddtng, 
which is aho caUed Gas Cuttit«. In the 
cess, the preheat flame is an ekeme arc. In th« nre™ 
the cutting can be done mote juicltly and is suitable fm 
a wide variety of applications, mcludi^ 
and burning out rivets etc. 

or non-ferrous, stainless steel, and also cast 
cunent necessary for the cutting operaUons vanes ftom 

800 to laoo amperes. 

la. SOLDERING OF METALS 

Soldering b the Joining of metals by the ^ 

molicii filler metal at temperature* bdow the mdPPg 
point of the metals to be jomed. The mdtipg 
the solder Bhouhi be less than that of the mt^ to be 
joined and the more nearly the mcJtmg point of the sold^ 
approaohei that of the metaJ the better is the umou ob- 
tined although the more difficult is the o|mtioii of 
^ — The mrfacer to be jointed should be thorougmy 
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cleaned and the metals to be soldered should be heated 
to a temperature a little above the melting point of the 
solder to enable it to flow, and a suitable flux must be used 
to develop adhesion of the solder. 

Solders mnerally consist of two parts of lead and one 
part of tin for plumber’s wiped joints and electric cables; 
fine solder for tin-smith’s work and for general purposes 
consists of equal parts of lead and tin. Elders consisting 
of two part of tin and one part of lead rec^uires low heat 
for meldng and is used for electrical, radio, and instru¬ 
ment joints where danger of overheating and rapid solidi¬ 
fying of solder are important. Antimony in small pro¬ 
portion is usually added to solder metals. Solder wires 
are available for different types of works. 

Fluxts for Soldtring or Welding. Fluxes are used to 
clean the surface of the work and the solder of any exis¬ 
ting oxides of the metals and to prevent re-oxidation 
during the process of heating. The presence of any impuri¬ 
ties or dirt on the surfaces to be joined will prevent a good 
union. There are two main types of fluxes : (i) Strong 
and corrosive, and (it) Mild and non-corrosive. Strong 
fluxes are Zinc Chloride, Hydrochloric Acid, Ammonium 
Chloride and Ammonium l^osphate. Mild fluxes are 
Borax, Tallow, Resiiu Borax is applied as a paste with 
a brush to the surface of small articles and as a powder 
to those of large arddes. Resin is usually'applied by bru¬ 
shing a solution of resin in methylated spirit. The follow¬ 
ing fluxes are commonly used : 

Borax, Ammonium chloride. 

Zinc chloride and Hydrochloric acid 
in equal proportions. 

Zinc Chloride, Hydrochloric add. 
Ammonium phosphate. 

Tallow, Resin. 

Ammonium chloride, Hydrochloric 
add. 

Ammoiuum phosphate. 

Resin, Hydrochloric add. 

Resin and sweet oil* 


Iron or steel 
Stainless steel 

21 inc 

Lead 

Copper and brass 
Tin 

Tinned iron 
Lead and tin pipes 


Lead and brass pipes Tallow. 
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I. ELEMENTS OF SOIL MECH^ICS 
Soil Mechanics is that branch of science which 
studies the structure, engineering properties and Ac re¬ 
action or behaviour of soils under loading and Ae chang- 
fne ^aA ct conditions. The chief function of soil studie, 

U lo furnish some general 
guide Ac pracUcal experience and free 
SIrincCT alAough it cannot give an exact solutiOT to 
practical ^oblem. Soib and sites are so vanablc 
th^it^is not practicable to formulate any hard and last 

is Ae naturally occurring loore or soft deposh 

foiming part of the carA’s crust, produced as a 
weaAcnS^ or disintegration or 
formations, or decay of vegetotion. 

The top Uyer of the ground Aat *HPP®P!. 
called ^ir or ‘topsoil and Ac 
immediately below Ac natural top soil is termed 

Conatitiieiits of SoiU. SoA contain three com¬ 
ponent" ^r, water and soUA. The solids axe a mixture 
K^Tmanirs wiA particks differing ^ 
ahd structure and varying m chemical composiuo m 

Tvoea of SoUa. There arc six mam soil t>T)CS. 

Gravelsl^nds, silts, ''ey*-Z'v 
peat. In view of Ac wade diversity of soil t>^ they m 

Cen classified mto groups or cla^ and 

particle size and cohesive properties. . 

Sts are classified as cohesive soiU (true At has UAc 
cohesion). Sands and gravds are 
hesiN-e or cohesionless soib as they oosse« 
tend to Uck cohesion especially whra in the 

Sand U gritty, silt has a rougher tex^c ^ 

and clay U smooth and greasy to the touch, ^y A ^ 
to the fingers and dries slowly but silt dnes fairly quickly 
Ind ran £ dusted off the fing^. The indmd^ p^rti- 
cles of clay and silt arc not visible to Ac naW ey • 
of the grratest differences between clays and sanA 
their permeability. 
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Organic matter in soil consisu of the more or less 
decomposed remains of plant and animal organisms. It is of 
open spongy structure, swells or shrinks %^th increase or 
decrease of the mobture content and imdergocs consider¬ 
able volume changes under load. In general, dark colours 
of grey, brown or black indicate organic soUs, whereas 
bright^ colours are usually found with inorganic soils. 
Orgamc soils coi^only have a distinctive smell and are 
undenrable constituent of a soil from engineering point of 
view. Deposits of sUts and clays are often accompanied 
by a considerable amount of organic matter which makes 
itself evident by its odour when the deposit b dbturbed. 
Due to pressure of organic matter the bearing capacity 
of the soil b greatly r^uced. ^ 

Characteriadcs of Soila. Charactensdes of a 
soil are useful in predicting the performance of the soil 
under load, which depends upon the grain size, shape, 
surface texture and chemical composition. The propm 
liaving most influence on the physical characterbtsoi b 
that of particle-size dbtribution, and therefore, it b essen¬ 
tial to deterrnine the extent to which each b present. 

There b wide variation in the characteristics of 
different soib and the pc^ormance of each individual soil 
b affected by its^ nK>bture content and density. In 
general, the properties of soib compKised largely of coarse 
materials are primarily (^trolled by the characteristics 
of the particles, but for soib composed largely of clays and 
colloids the properties are primarily controlled by the 
mobture content. Behaviour of soib containing 30 per 
cent or more cUy depends solelv on the characteristics*^ 
the clay. 

Che m i c al s in ^ils. Some soib and noimd waters 
have a corrosive action on metals, particuurly on cast 
iron, and also have damaging acUon on cement concrete. 
These may be due to industrial wastes, sea water and other 
saline waters, or sul^iates which origirute in clay soils, 
and acidic waters wnich are found in peat soib. A soil 
having pH value less than 7.0 b an acidic soil and that 
having pH value more than 7.0 b an alkaline soil. In 
such so^ the foundations should be built in aluminous 
cement instead of PPrtland cement; in less serious cases 
a rich dense Pordaisd cement concrete may be used 
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NATURE OF SOILS 

Colietiont Cohesion is the internal molecular 
attraction which resists the rupture or shear of a material. 
Cohesion b derived in fine grained soils from the water 
films which bind together the individual particles in the 
soil mass. Cohesion is the characteristic of the fine 
materiak with particle size below about 0.002 mm. 
(clay). Cohesion of a soil decreases as the moisture 
content increases. Cohesion is greater in well-compacted 
clays than in badly-compacted soils and b independent 
of the external loads applied. 

Internal Frictioni Internal firiction b due to the 
resbtance of grains to sliding over each other and b the 
characteristic of the coarse materiab of particle-size larger 
than about 0.002 mm. The magnitude of the internal 
friction of a granular mass depends on the grading, shape, 
and surface texture of the particles, the d^ree of compac¬ 
tion and moisture content of the mass, and the load to 
which it b subjected. Frictional resbtance is highest 
with angular grains having a rough surface and of varied 
size and shape, and increases with increasing load and b 
reduced in the presence of a lubricant su<m as watCT, 
present in exceswvc proportions. For the coarse material 
It b usually assumed that the particle*rize dbtribution 
mving thegreatest dry density has the greatest internal 
medon. Tne strength of a non-cohesive soil depends 
entirely on internal friedon. 

Angle of Interna] Frictiont The resbtance in 
sliding of grain pardclcs of a soil mass depends upon the 
angle of internal friedon. It is usually conridered that the 
value of the angle of internal friction b almost independent 
of the normal pressure but varies with the degree of packing 
of the particles, i.r. with the density. The soUs subj^ed 
to the higher normal stresses will have lower mobture 
contents and higher bulk densides at failure than those 
subjected to lower normal stresses and the angle of internal 
friction may thus change. 

The true angle of internal friedon of clay is seldom 
*cro and may be as much as 26*. The angles of internal 
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fric t i o n for granular soils are given under "Shear Teati^* 
in the following pages. 

CapOlarity is the ability of the wil to transmii moutuie 
in all directions regardless of any gravitadonal forces Soils 
possess Capillary action simitar to a dry doth with one end 
immersed in water. Water rises up through soil pores 
due to capiUaiy attractioru The maximum tbeoretkal 
height of capillary rise depends upon the pressure whkh 
tends to force the water into the soilj and this friTce in* 
creases as the size of the soil particles decreases. The 
capillary rise in a soil when wet may et^ual as much as 4 
to 5 tunes the height of Capillary nse in the same soil 
when dry^ 

Coarse gravel has no capillary rise; coarse sand has 
up to 1^ in^es; fine sands and sUts have capillary rise 
up to 4 ft. but dry sands have very little capLUaiity. days 
may have capLllaty rise up to 3 or 4 ft. but pure days have 
very low value. In coarse grained soils, the time required 
to reach the limit of the rise Is much leas than in fine tex¬ 
tured soils. 

PermeubiUty of a soil is the rate at which water flows 
through it under the action of (unit) hydraulic gradieat. 
The passage of moisture through the interspaces or pores 
of the soil is called "pcrcobtion'\ Soils porous enough 
for percolation to occur are termed "pervious" or “penne* 
able** while those which do not permit the passa^ of water 
arc termed ‘"impcrviaus** or ‘"impermeable*. In the 
majority of materialf the rate of flow is directly propor* 
tioaa] to the head of water, and the permeability is there¬ 
fore a constant for the particular matertaL Permeability is 
a property of the soil mass and not of individual parddea, 
and varies as the square of the diameter of the grains of the 
■oil, the ratio of the fine material and with the arrangement 
of (he grain particles of the soil maa:. The pesmeabiUty 
of cohesive soils u, in general, vciy smah. Sands drain 
readily whilst silts and clays are difficult or imponiblc 
to drain, A knowledge of permeability Is required not only 
for seepage, dralna^ and ground water problems but also 
Ibr the rate of settkment of structures on atumted soils. 
Soils yield under pressure when moisture content is 
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increased^ Ground water 
nation of the 
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ElastiGlty i A soil U said to be elastic when it suffers 
a reductioa in volume (or is changed tn shape and bulk) 
while the load is applied^ but recovers its initial volume 
imiDediately the load is removed. The mcQt important 
diaracteristSc of the elastic behaviour of soil is chat no 
matter bow many repetitions of load arc applied to it* 
provided that the stresses set up io the soil do not exceed 
the *^yield stresses”' the soil docs not become pcxmancndy 
deformed^ Tim elastie behaviour ii chaiacteristic of peat. 

RcaOicncy of a body is regarded as the extreme 
limit to which it can repcate^y be stiamed without Ixacturc 
or permanent change of shape. 

Cn mp g *M « 41 ‘ifl»#y i Gravels, sands and silts are 
incompressible, i.r., if a mout mass of these materials is 
subjected to compression, they suffer no significant volume 
chan^. Oays are compressible, If a moist mass of 
clay u subjected to compression, mouture and or air may 
be expelled, resulting in a reduction tn volume which is 
not immediat^ recovered when the comprwion load is 
vdthdrawn. The decrease in volume per unit increase of 
pressure is defined as the “comprendbihty" of the soil, and a 
measureofthc rateat which consolidation proceeds is given 
by the '*co*efiicicnt of consolidatioa ** of the soil. 

Compressibility of mnd and dlt varies with density 
and compressibUity of clay varies direedy with water 
conieiit a^ invenely with cohesive strength. Clays and 
otho- highly compraihk soils are known to swell when 
overhuToen pressure is removed* 

Dcultyi The dennty or true weight of a sod 
is e(|ual to the specific gravity of the solid materials x 6a .4 
(wei^t or density of water per c. fL). A soil consists of 
•dids, pores or voids and the moisiure. The overall 
weight of the mass (including solid particles and the effect 
of voids whether filled with air or water} per unit volume, 
iur*, total weight of soil total voL of soil, is termed Btdk 
Dmt^. Bulk denaty varica with the type of the sod, 
moisture coatimt and its Gompacdon. The %veight of the 
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dry solid niAttcrs contained in a unit volume of soil, i.#., 
weight of soil particles -r total voL of scnl, (determined after 
the water has been dried without bulk volume change) 
is termed Dry Dtnsi^. 

The usual method of measuring compaction in the 
field is to determine the dry density of the soil w situ. 
The maximum dry density of a soil u obtained by a 
specified amount of compaction at the optimum 
moisture content by the Proctor Compaction Test. For 
each compaction method, there is an optimum moisture 
content at which a given soil can be compacted to greatest 
densty, and different soib have different maximum densi¬ 
ties and optimum moisture contents. Dry density varies 
from about 130 lbs./c. ft. for coarse grained well g^raded 
graveb and sands to about 90 lbs./c. ft. for heavy clays, 
the conesponding xnobture contents being about 4 per 
cent for the gravel itnd 26 per cent for the clay. The 
density of the solids alone ts sometimes termed absoiuit 
density. 

Effect of Density on Behaviour of Soils. No 
soib can be made to pack without voids. Owing to the 
effects of the films of water aroimd the individual particles 
clays never p>ack so tightly as sands. The supporting 
power of any one soil usually increases vrith increasing 
dry denrity and decreasng moisture content, it b, there¬ 
fore, important to compact sandy soib to the maximum 
density possible, since the strength of a sandy soil depends 
upon its density. The effects otdry density and moisture 
cemtent are, however, to a certain extent inter-related. 
As a particular soil becomes more dense, it will contain 
a greater number of particles, and the (pores) volume re¬ 
maining for air and water will be decreased. When a soil 
b submerged, the effective denrity b reduced and with it 
its bearing capacity. High density assures high shear 
strength and greater imperviousness. 

Voids Ratio b the ratio betvreen the volume of voids 
or pores in the soil and the volume of the solid paruclo, or 

vol. of voi ds in the soil 

v(d. of solid particles 

Porosity b the ratio of the volume of voids in a given 



SOIL MECHANICS 


6/9 

soil mass to the total volume of the soil mass (solids plus 
voids), 

voL of vmds in the soil v 

total voIToY the soil” i+v 

Porosity varies %rith the texture of the soil. The 
ratio of voids is more in finer soib than in coarser soils; 
in clayey and silty soils it is about 40 to 50 per cent and 
in sandy soils about so to 30 per cent. 

Degree of saturation wvol. of water/vol. of v(Mds. 

Water contents weight of water/weight of soil 
particles 

The specific gravity of soil particles u defined as 
the ratio of their density to that of water. The specific 
gravity of soil particles may vary from 3.0 to 3.3, but 
usually u between 2.6 and 2.7. The usual soil weight 
(voidlcss) is between 162 and 169 lbs. 

Effects of Moisture on the Performance of Soils 

The properties of a soil mixture are influenced more 
by variations in moisture content than by any other cause 
Saturated soils are improved in strength by drainan and 
dry soils lose strength by saturation. A water-log ged 
groun d is i^ esirable because of its low bearing^pa^ty^ 

Fine grained (dayey) sods are most likely to suffer 
by water absorption. It u therefore important to ascer> 
tain the wettest condition in a given case and the basis of 
design should be the strength of the wet soil. Clayey soils 
are subject to a large amount of shrinkage but the loss of 
water that causes tl^ shrinkage is slow, and the shrinkage 
might amount to as much ais 20 per cent in volume. 

In the case of sandy soib the detrimental effect of 
moisture b much less than in clayey soib. Granular soib 
do not hold water readily and do not shrink much when 
drying but they shrink more rapidly. When such soib 
are saturated with water and the water b trapped, the 
footing may be supported on hydraulic pressure. Under 
such conditions the soil b without shearing strength. The 
seepan out of thb entrapped water will cause settlement, 
therefore thb water must be drained ouL 
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Groand-wmtcr. A rbe in the ground-water lewl 
may reduce the safe bearing capacity of soils, and kmering 
the ground-water over an area may result in differential 

settlement of structures. , r i. 

The water-logged strata below the surtax of the 
underground ‘reservoir* of water is said to constitute the 
zone of saturation, the surface of the %vater u known as the 
waUr-tabU, and the level at which the water table occurs 
is known as the standing water level or ground water level. 

In areas where considerable seasonal changes in 
moisture content occur, the resulting volume changes in 
clay sub-grades can be minimired to some extent by rolling 

in granuhu- material. . 

The Moistwc Cositcnt a soil is defined as the 
ratio of the weight of water present in the soil to the dry 
weight of the solid soU particles and is expressed as a per¬ 
centage the solid particles . 

Optimvmi A condition which may be roughly 
defined as one in which the material will just bind together 
when squeezed hard in the hand. 

Optimiizix Moiatnre Gosstenti (OMC) That 
moisture content at which a speafied amount of compac¬ 
tion will produce the maximum dry density in a soil; 
it u expressed as a percentage by weight the dry soil. 
For most soils there b a percentage of moisture at which 
the soil will compact to its greatest density. For sands 
and gravels the OMC generadly occurs at about 8 to lo 
per cent, which may be at 15 per cent for silts and to 
20 per cent for days. It b about 3 to 4 per cent lower than 
the PL for cohesive soiU. Variations of mobture content 
change the values of the angle of repose, the amount of 
compaction required and the cdienve strength of a soiL 

Ifydroseopie Moisture or ffydroseopie Water: Immnl^ 
soil mixture that can be driven off only by heat 

Free-waier: Water in a soil in excess of hydroscopic 
ytwf capillary water. Abo termed "gravity water". 

Fnllf saturated: All voids filled comi^tely with 
water. Partiallj saturated: Filled pautly with water and 
partly with air 
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Eflcctfl of SeOMmol Weatber Ghui^es. Movc^ 
mcnla arc caused by the clay shHnlus^ beneath the shallow 
foundadons in dry suinmcr seasons and subsequent swell- 

ing during the r airtS , The gTDUnd Will dry mOSt whCTC it 

Koeivea the greatest radiadon Ihjm the iim* The jhovib- 
meats associated with these seasonal changes fire greatest 
at the surface and decrease with the depthj but may go 
up to even lO fL below the lurfacc. Foundations on such 
clays should be placed at a depth at least 3 lb below 
ground level as me shrinkage movements beyond that 
depth are likely to be small. Adjoining deeper eacavadofs 
may dry out clays and cause settlement . Ground whicih 
is shrinkable will exhibit large cracks in the sui^cc in dry 
weather and become very sticky during the raJns^ 

Ganaistency of 5 oii«> By consistency is m^nt the 
properties of sticking, friability and plasticity , Soils 
arc classified according to their consistency* Soils may be 
called plastic or friable depending upon the cohesion 
between the soil particles* Friable soils arc eohesionlcss, 

Determinatloa of Soil Plaatlclty 
Fluticity is the property of a soil to undergo large 
drftwmatinrrt when strcBcd, without exaddng or criunblii^. 
Plasticity is a major characteristics, of all cohesive soils and 
is due to the lubricating effect of the water fUms betwwn 
adjacent particles* Information regarding the plasticity 
of a soil is very fmpor^nt in soil engineering, and cert^ 
standard itTmt tatj have ban preacril^ for dctemuiiatkin. 
of the same. Cohesionlcss soils are non-plastic, 

Liqwld Limit: (LL) It is the minimum aroount of 
wat& required to be added to a soil, eapreas^ as a 
ventage of the dry weiidit of ibe soil, that vnll just make 
it to flow like a liquid when jarred sbghdy * At the LL, 
soils have very shear strength which may be 
come by the application of a little force, and ct^csioo^ ij 
practically zero* The LL serves maldy to distinguish 
■oils with respect to the amount of moisture necessary to 
make them to slide. 

Most clay soils have LL of the otdCT of 50 to 
cent. 'Fat' clays, which are highly plastic, haviog a hign 
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content of colloidal particles, have high LL, which means 
they **flow** only on the addition of Urge amounts of 
water. *Lean* clays, which are moderately plastic, having 
a low content of coUmdal particles, have correspondin^y 
low LL. Presence of organic matter in clay increases 
the LL and comparatively lowers the PL. If sand or 
silt is added to clay, its LL is lowered. The commonest 
inorganic silts have LL less than 30 per cent and 
sands have about 20 per cent. A LL Ixtween 20 and 
40 indicates a mixture with sand or silt predominating. 
Peats have a very high LL of several hundred per cent 
but a small PI. 

Plasdc Limitt (PL) The plastic limit signifies the 
percentage of moisture at which the scnl chanra, with 
decreasing wetness, from a plastic to a semi-solid state, 
or with increasing wetness, from the semi-solid to the 
plastic state. It is the lower limit of the plastic state. It 
IS the moisture content at which a thread of soil can be 
rolled without breaking until it is only ^ in. in diameter, 
when it just begins to crumble under pressure exerted by 
the hand. A small increase in moisture above the PL 
will destroy cohesion and shear strength of the soil. 

Sands, gravel and peat do not possess plasticity and 
have no plastic limit and cannot be ^led into threads at 
any moisture content. Clays and colloids possess a high 
d^;ree of plasticity and silts have only occasionally a PL. 
days have an average PL of 45, colloids 46, and silts 20. 
Both liquid and plastic limits are dependent upon the 
amount and type of clay present in a soil. A soil with 
high clay content usually has high liquid and plastic limits 
and a less cohesive soil gives low figures. 

The liquid and plastic limit tests attempt to fix 
the moisture contents at which a clay soil passes from the 
solid to the plastic state and from the plastic to the liquid 
state. 

Phsaticity Index: (PI) Is the numerical difference 
between the liquid and the plastic limit of a soil and indi¬ 
cates the magnitude of the range of the moisture contents 
over which the soil u in a plastic condition as defined by 
the tests. The liquid and plastic limits are both dependent 
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on the amount and type of cby in a soiJ, but the Pl U 
ffcneraliy onJy dependent on the amount of day proenu 
It indicates me fineness of the soil and its charactenstka 
u regards pLaitidty and cohesvenes, t.t.^ Its povirer to 
change shape without altering its volume^ The information 
regarding the type of day in the soil may be obtained by 
oonddering the PI in relation to the LL, A high vainc 
of PI indicate* exces of day or coUdeU. When the PL 
is equal to or greater than the LL^ the PI is zero. 

Clay soil* based on degree of plastidty 
(Burmmters' method). 


Degree oTplaslkity 

“TT— 

% 

DacripliVc 

lamfThr 


Non-filMtic 

Slight plaitidity 
Lewpustkity 

Medium pLatfticity »t 

High plactidiy 

Very hi^ filaiddly *. 

o-t 

*-5 

Eo -20 

»-35 

>735 

■dt 

tia« day 
little day 
dvf and 
tilt [ 

dlty day f 
day J 

Friahlr 

DniTahlc 
Cohah’encH 
looneulEtgly objee* 
tiooabk plHtk 
di^laoenaent and 
compmitnlity 


Plastic limit and plastic index for representative soil 
constituents as detcnnuied by laboratory tests: 



LL 

FL 

PI 
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90 
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Q 

Silt 
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ao 

7 

Clay 

Gdiaidt 
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45 

45 
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Shrinkage LJimt ; (SL), Is the limiting moisture 

content^ expressed as a percentage of the dry weight of 
the !oil» at which a further reduction in the moisture (by 
evaporation) will not cause any further decrease in the 
volume of the soil ma» but at which an increase in the 
moisture content wiU cause an increase in the volume of 
the soil mass- Evaporation of water causes shrinkage 
in a soil up to a certain degree beyond which decrease 
in volume does not occurs at this stage the soil has reached 
its shrurkage li mi t^ The SL represents the moisture 
content at the point at which the sod passes from the semi- 
sotid to the solid state and is a means of describing the 
pore Space present in a soil after it has been allowed to 
compact itself to the maximum density obtainable by 
shrinkage. 
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The SL considered in relation to the natural moisture 
content of soil in the held indicates whether or not further 
shrinkage will take place if the soil is allowed to dry out 
The lower the SL of the toil, the greater is the possible 
volume change corresponding to a given variation in the 
moisture content of the soil. For friable soils, the SL 
may be anywhere between the LL and 50 per cent of the 
LL, and for feebly plastic, 25 to ^ per cent; for medium 
plaHic, 20 to 25 per cent; for hi^ly plastic, 15 to 20 per 
cent. There is no definite relation between &e PL and 
the SL. 

Gonaistency or Liquidity Indra (LI) of soils u 
defined as the natural moisture content of the soil in excess 
of the PL expressed as a percentage of the PI i.r.. 

Natural moisture content—PL 
Liquid limit — plastic limit ~ ^ 
and is a measure of the consistency of the soil. It merely 
describes the mouture condition of a soil with respect to 
its index limits. It diows in what part of its plastic range a 
given sample of soil lies. A cohesive soil with a natural water 
content of the same order as its LL will, in general, be a 
very soft material, while with a natural water content of 
the same order as its plastic limit will, in general, he a 
stiff material. Soft clays have a LI approximating to too 
per cent, while stiff clays have a LI which approximates 
to zero and may be even negative. 

Centrifuge Moisture EquivsJcsitt (CME) This 
is the moistxue content retained by a soil that has first 
been satiunted with water and then subjected to a force 
equal to one thousand times the force of gravity for one hour. 

Field Moisture Equiv a le nt 1 (FME) The FME 
of a soil is the percentage moisture content at which the 
demands for absorbed water arc fully satisfied and at whidi 
a drop of water placed on the smooth surface of the soil 
will not be absorbed immediately but will spread out 
over the surfiice. 

The above two tests for CME and FME are not 
now in much use. 

GsneralProperties oFSoil Materials t Themain 
properties affecting the mechanical stability of granular 
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materials arc tatemal incdon and cohenoa both of i^bich 
dqicnd on the mobcure content of the soU as well as iti 
grading. Factors such as swelling and shnnhage, arc onSf 
Ukety to be of impartance in matertals containing an 
appreciable clay hacdcin. Soil mbetures of clay and sand, 
pamke of both cohesion and internal friction resistanoc. 
Most of the sandy soils have same cohesion and most of 
the clayey soils have some internal friction. 


Non cohesive soils are described as loose or compact, 
unifoTm m well graded. Cohesive soils arc described at 
soft, firm' or stiff. 

Oayt Is a natural deposit consisting of the fiiKSt 
aluminous product formed by decompontion of iroeous 
rocks. The term *day' in broad sense b applied to a 
matetial which b tenadom and plastic when wet, possessing 
considerable cohesive strengthj very pronoimccd capillarity 
and practically na internal friedon. Clay is smooth and 
greasy to the touch and is usually recogniaicd by its sticky 
and plastic praperties and special odGur. Oay partides 
in pure state are soluble in water, or remain as mcchanjod 
mixture in suspendon in a colloidal state and gradually 
settle down at bottom in the form of stiff paste. When 
dry, clay forms hard lumps which cannot be broken down 
and powdered between the fingers, while lumps of silt can 
readily be broken down and powdered, Diffcrcnoe 
between clay and salt is not only based on the grain partide- 
aiie but more on the plasticity and shear strength. ^Fat* 
days are highly plastic and Hean’ days aie moderately 
plastic. Colour nlclay may be black, white, red or yellow. 
For many engineering purposra a perfe^y pure day 
would be useless as it might be of so fine a texture and so 
highly plastic that it woidd shrink exce^vely on drying. 


day is very absorbent and can iweH to double its 
volume, Oays tend to hold free water in addition to 
their adhered water and do not drain nor do they dry 
out rapidly. Clays are subject to a larg^ amount of 
shrink^^ from loss of moisture which may be due to evapo^ 
ratioct ot trmnspiration from vegc^don. Shrinkage tn 
clays aho results finom CEtemal loadings (or cnosolidstioa) 
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as under load the mc^ture in clay u forced out, and which 
can be forced out more rapidly if it is mixed with sand. 
Some clays lose their shear strength considerably when 
their structure is disturbed, such ^ys have a low liquid 
limit. 

Natural clay depots may contain up to 70 per cent 
or even more of materiaU belonging to the sand and silt 
grades. A soil behaving essentially as a clay, but having an 
appredable propodon of sand or silt b referred to as a 
sandy clay or silty cUy. 

Boulder cUy, A deposit of unstradfied clay or sandy 
clay containing stones of various sizes scattered irregularly 
throughout its mass. The stones are not necessarily all 
of ‘boulder size*. Boulder clay may contain variable 
proportions of coarse material and stones, but there b usual¬ 
ly sufHdent clay present to impart cnhftion. 

Hard cUy or Stiff cl^. A clay which at its natural 
mobture content requires a pick or pneumadc spade for 
its excavadon or removal and cannot be remoulded with 
the fingers. 

Firm cley or Medium-city. A clay which at its natural 
mobture content can be excavated with a spade and can be 
remoulded with substandal pressure with the fingers. 

Soft clcy. A clay which at its natural mobture 
content can be readily excavated with a spade or shovel 
and can be remoulded easily in the fingers. 

Sand: Small mineral pardcles fi-om natural sources, 
largely the result of breaking down of sandstones. Coarse 
sand LrequenUy b rounded like the gravel with which it b 
found while fine sand pardcles commonly are more angular 
than coarse sand pardcles. Sand b gritty to the touch, 
possesses no plasticity and dry sands no cohesion and very 
little capillarity but high degree of internal fidction, the 
sharper the sand grains the greater b this internal fricdon. 
A sandy soil if squeezed in the hand when dry, will fall 
apart when pressure is released; squeezed when mobt, 
it will form a cast but will crumble when touched. 

The pardcle shape of sand grains or pebbles may be 
described as angular, subangular or irregular or as 
rounded. 
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A graded sand consists of a mixture ot die various 
grades and is desenbed as : welt graded or poorty graded 
according co whether the proportion of the various grades 
are such as to give a high or low bull density when the 
sand is well compacted^ (The^ terms are described 
Further in detail.) 

Silti A natural sediment of materiab , usually 
deposited in water^ consisting of an indmatc mixture 
of fine particles of sand, clay and peat, etc, A soil which 
can be consideired as intermediate between clay and sand} 
of which the individual grains are only hardly distiuguiah- 
able by the naked eye. Silt has a grhty touch (but uot 
very gritty) when squeezed between the Gugcrs 
or bitten between the teeth. Silt possesses high capillarity^ 
varying degree of internal friction and some cohesion 
depending on the moisture content^ with very little plosti'^ 
city. It can be rolled into threads between the fingers but 
crumbles readily when it dries. When dryj a silt piay 
possess appreciable cohesion, but a lump is easily broken 
and powdered between the Angers. U dries mraciatcly 
quickly and can be dusted off the fin^ers^ leaving only a 
stain. Inorganic silt may be distinguished &om day by 
squeezing in handj the su^ace appears to 1^ up and the 
speeiEEien lack plasticity. Slit is darker in colour than 
clay, 

Eartki This term is used synonymously with 
*soll* in an engineering sense and In pajidcular U refers to 
excavated material. Sometimes the term Is used for 
clays of low plasticity j but both the temu, earth and day, 
arc often used very loosely by many engineers. 

Peat aad Mnci An accumulation of Abroiis or 
spongy textured vegetable matter formed by (he decay 
of plants more or less in jiiu. They are usually black or 
dark brown in colour, very compressible, and of open 
texture. Inorganic materials (sand, sill) may be sometimes 
present in varying amounts. Such soils are entirely un> 
suitable for load bearing; have very high Uquid limits but 
a small plasticity index. Mui !s soft mud containing much 
vegetable matter. In muc the decomposition of orgaoic 
material is more advanced than m peat. 
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OoUoidsi Gelatinous or gluey matter found in 
clays (of a sticky nature) consisting of ultra fine day partides 
of size bdow o.oos nun., in the form of uncrystalline semi- 
solid substance. The ct^ods absorb moisture, and soils 
containing large proportions of colloids have greater soil 
mobture capadty and slower soil moisture movement 
than an average s<^. Cdloidal clays are finer day partides 
that remain suspended in water ana do not settle under the 
force of gravity. 

Black Cotton Soils t Are heavy clay soils, varying 
from clay to loam, with clay contents of 40 to 50 per cent, 
formed by the decomposition of rocks by long continued 
Mreathering. These soils mostly occur in the central 
and southern parts of India poirticularly in the Deccan 
Plateau where they are known as regtr. The soils vary 
greatly in colour (lig^t to dark grey, black or blue black), 
con^ency and ferity. They are .very unreliable lor 
any structures as they become highly adhesve (sticky), 
very soft and swell when wet losing bearing povrer 
considerably . When dry, they have a high bearing 
capadty but contract greatly (to the extent ^ 20 to to 
per cent of original volume vdien wet) vdiile drying; the 
vdiole area shrinks and splits up ana large cracks are 
formed even up to 6 ins. wide at the surfoce and extending 
to 10 to la ft. deep ivhere the soil b thick. The thickness 
of these soib genendly varies firom 3 to 12 ft. or even more. 

Shalat A co m pressed and laminated day (b more 
or less of the some co m position as day) vnth or 
without associated organic matter. Disintegrates on 
exposure to the air, b pusde when wet, but aivay from 
atmosphere it maintains a soft rock-like compactness. Con- 
sbtency of shales usually ranges finom soft {Mastic day 
to very stifiT tough clay. 

Hard pant A very dense accumulated mass of soil 
(clay, sand and gravd) that has been thoroughly cemented 
together to form a rock-like layv that will not soften when 
wet and must be excavated with a pick. Any material 
that cannot be classed dther as 'rock* or as 'soil*. 

Hofgint A natural deposit of a mixture of mtiiH 
stones, grit and sand, containing a small admixture of day 
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which acts u a bLadcr and u luffideut to hold the mass 
together without a&cting Che iutErlocking propcftiei of 
the coarser parddes. Clayey gravels^ 

Hnxmai A dark-tmown mrthy matcnal usually 
foftoed in the soil due to partial or complete decompositioQ 
of vegetable matter. This is the organic component of 
the soil and fonm an importaiit constituent of agncultural 
topsoil. 

I ^aa iTi t A general term largely used to refer to 
soft deposits cooiistiDg of a mixture of dilTcreDt grades of 
sand, sdt and day in rcLativciy equal proportions. A soil 
between sand and day. It is mellow with a somewhat 
gritty fed yet fairly siDOOth, exhibiting slightly sticky and 
plastic charactertsdes. Squeezed when d^, it will form 
a cast which will bear careful handling^ while the cait 
formed by sqncedng the moist soil can be handled freely 
without breaking. Some loamy soils contain a consider¬ 
able proportion of organic niatter which arc topsoils suitable 
for ciildvadon and plant growth. 

It is ‘Silty Loam', ‘Sandy Loam* or ‘Clay Loam*, 
depending upon the properties proportionate to the contents 
of the main oonsdtuent. 

SUCy is M. hal having a moderate amount of fine 

grades of soil and only a small amount of day» over half 
particles being of ‘silt izzie’. When diry, it may appear 
quite doddy but Uk lumps can be readily brnken, and when 
^vpised it fesclf aaft and iloury, li^cn wet the scnl 
readily run* together and puddles. Either dry or moist, 
it will form casts whkh can be fiecly handled witbotiE 
breaking. The silts and sift loams are telativdy' imstaMe 
at all moisture coolcniB, but espcdaJJy so at high moisture 
contents when they have very low bearing capacity, 

Sudy Lna is a soil containing much umd but 
having enough silt and ejay to make it somewhat cdiCFcnt. 
The individual sand grains can readily be seen and fdt. 
Squeezed in the hand when dry, it will Ibrm a cast whkh 
will readily (kU apart, but if squeezed when moiit, a cast 
Can be formed which will bear careful handling without 
breaking. 
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Clay is a fine textured soil which breaks into 

dods and lumps which arc hard when dry. 
moist soU U pinched between the thumb and t^ fin^ U 
will form a thin ribbon which will break r»diJy, 
sustaining its own weight. The moist ^ is plastic and 
will form a cast which will bear much handlmg when 
kneaded in the hand. It docs not crumble readily but 
tends to work into a heavy compact mass. The day loaTO 
arc quite stable at the lower moisture contents and higher 
denntics, but under these conditions are hkely to show 
detrimental volume change if the rooi^ ^Icnt u 
increased. On heavy day loams umpmg rolkrs have 
proved more effective than rollers of the smooth faced type. 


Marl: Indefinite term for any earthy crumbling 
deposit consisting of a natural mixture of sticky calcareous 
da^ silt and fine sands with a coMderable prtyortion 
of oi^anic matter. Quite often foimd in swamps and lakes. 

Conglomerate: A rock consuting of roimded 
pebbles of other rocks in a cemented matrix, forming a 
consolidated gravd. 


Bog: Soft water-logged ground composed largely 
of peat or mud. 

Grit: A coarse-grained sand or sharp fine gravel, 
the grains of which arc more or less angular. 

Pebblea: ^ulxangular to rounded rock fragments 
of sizes ranging between that which b retired on a No. 7 
B.S. sieve and 3 in. in diameter. Larger pieces are known 

as . 


Gravel: ^bangular to rounded, water-worn 
stones of irregular shape and size ocemring in natumi 
deposits with or without sandy material. A wcU-giaded 
mvel contains both sand and stones, with a predominant* 
of the latter. A ‘uniform* gravel b one with a predomi¬ 
nance of a single size. 

Bed rocki..^^y hard rock bed imderlying soft 
deponts classed as soil in the engineering sense. 
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Cklusificatiaii: Identificatioii of Soils 

Various systems of ebssii Tying soils for civil engiRcering 
purposes have been devised and the use of diflerent systems 
has led to much confusion. The caarse-grained soils are 
usually dassihed mainly on the basis of their particle^ 
size distribution and the hue-grained soils on the basis of 
their plasticity characteristics. The two most widely 
used s^'siems of soil class! head on are those of U.S* Public 
Roads Administration and of Casagranade. 

Partide-aiae Analysis or Medianical Analynst 
of Soils Is the process of separation of a soli into several 
fractions of different grain size. 

Soils arc divided into various siie groups asj 'gravels', 
'sands', 'silts' and 'days' for the p^ticle-size analysis 
which is carried out by com biniug sieving and sedimenta¬ 
tion methods, Phrtide slsses for gravels and sands are 
determined by "sieve analysis". The gravel fraction 
Is removed by sieving on the No* 7 B.S. sieve. The samples 
of soil which pass the No* 7 B.S. sieve are dried and ihcrt 
shaken through a series of sieves ranging from coar« to 
fine, and the amount (peti^iage oT sample dry weight) 
retained on each sieve is weighed and recorded* 

For the sedimentation test of the finer fractions than 
the No. 200 sievcj the soil is shaken up in a test tube full of 
water and allowed to settle* The coarser particles 
settle at the bottom and the proportions of finer maier^la 
can be gauged from the thickness of the succeeding 
layers and the turbidity of the water* Such particle size 
is found by observing the rate at which the grains will 
settle through a liquid, as particles of different size have 
different settling velocities* TItis is done with a hydrometer 
or a pipette. It consists of determining the ti-ariation 
in density of the suspension wiih time* 


Grain Sue of Soil Particles according lo Various Syslenu 
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Grouping of SoiIa actordmg to B. s. 1954 -1953 ^— 

Finc-gramed soiU: Soils containing not less than So 
ptr cent passing the No+ 7 stcv'c* 

Medium-grained soils: Soils containing not less than 
80 per cent passing a i in. B.S. Steve. 

Coarse-grained soilsj Soils containing not less than 
80 per cent passing a t| in. B.S. sieve* 

The following terms arc used in describing the parti* 
de-size distribution of the coarse-grained soils: 

Well graded—extending evenly over a wide range of 
particle sizes, without excess or deftcicncy of any 
particular slzes.^ 

Poorly graded—containing an excess of some particle 
Sizes and a deficiency of others. 

Uniformly graded— extending over a very limited range 
of particle sixes, i.t., poorly graded but with an excess 
of only one small range of particle sizes arid with a 
deficiency of all otners. {It usually means all 
particle of about the same size.) 

Closely graded — has the same meaning as "unironnly 
graded". 

Trxtural dasslftcation of Soils are based ex¬ 
clusively on the particle-size distribution and their propor¬ 
tion for a particular soil* The term '"texture" indicates 
the particle size of distribution for a given soil* The U.S. 
Bureau of Soils have classified soils into to types according 
to their texture as folIow^s: 


CIesi 

% Sand 

% Sik 



Sand 

tfO—IQO 

0—20 

0—M 

FrOpeXtidns arr 

Sandy loam 

50—80 

0—50 

SS—90 

dclcTimncd tiy 

Loam 

30—50 

30—50 

0—20 

fieve analyni. 

Silty loaiD vri 

P—30 

50—roo 

0 — ao 

The name de^ 

Sandy clay lo^ 

50—00 

0 — 30 

90 —30 

nOlti ihe coRfli- 

Ctay loam ^ 

« — 50 

9 d—^ 3 *. 

ao — JO 

luent predomi- 

Silly clay loan) 

0 — 30 

50—80 

90 — 32 

nadn^ in tbeir 

Sandy clay . * 

50^70 

O'—H> 

30—50 

Com pan lion. 

Clay 

0 — 50 

0^50 

30—100 


Silly day 

0 - 50 





The textural classification are mainly of value for 
describing coarse-grained soils; they are not sO' suitable for 
classifying clay soils whose properties are less dependent 
on the partide*sizc dtstribution. 









ClatftificailoB Bad Cfc*r»ct«rl»Uc« of Soil* for Airfield* Bosod oa tko 

Caaagranade CI>a»ifl c« lioa 
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Lcgeivd for group lymbob : 

* Sa««*ad; C^CIjiy; M->s 3 i, very fine land; F-afinn; 

O-or^ic tiltt and cla^; Pt-pcat; W-wdl ^ed; P-poorly graded; L-Low to 
prwibUity^”**^*^**^'*^ ■"<* Low plastiaty; I-medium pTuticity; H-high com< 

The demity applica only to loOs with tpecific gravities ranging between 2.65 and a.75. 

























SOIL MECHANICS 


6/27 


ClasslfioBiloa of Soils Based on the Public Ronds 

Ad m i n istration Gronpiag System 

Grout A- i 


Well graded sandy material! lirom coarse to fine, paistag the 
No. 8 B.S. sieve (No. to U.S. sieve), nuxed with day as binder. 
(Thtt combination of soil sddom occurs as such in natural deposits 
but is produced by combination). Highly stable i r respe c tive of mob* 
turc conditions and can be rolled to very high densities giving high 
beanng power. Makes excellent foundations. 


Oay % .. 

sat % 

Sand % (total) 
Sand % (coarse) 
Liquid Limit 
Plastidty Index 


5-10 

10-90 

70-85 

15-05 

* 4-35 

4-9 


Shrinkage Limit .. 14-90 
CME .. • < *5 (max.) 

Shrinkage Ratio 1.7-i.g 
Voume Change ..0-10 
Max. dry Weight .. 130(0110.) 
Mouture % • • 9 


Group A-9 

SimOar to group A-i, containing the same amount or more of 
binder but of inrerior quality. Inferior to group A-i toils due to poor 
grading. Rough and dusty in weather and fairly suUe in wet 
weather. Can be compacted with either tamping or smooth faced 
rollers. Makes fair to excdlent foundations depending on the mixture. 


Clay % 0-45 CME .. .. 19-95 

Silt % .. .. 0-54 Shrinkage Raio .. 1.7-1.9 

Sand % .. .. 55-80 Volume Change .. o-t6 

Liquid Limit .. 14-35 Max. dry Weight .. 190-190 

Plasticity Index .. 3-15 Mobture % .. 9-12 

Shrinkage Limit .. 15-25 

Group A -3 

Composed entirely of adhesiveless course materials-gravcfly 
sands or sands, with little or no fines. Low stability under loads 
when dry; only slightly affected by mobture conditions; have no volume 
^ange; cannot be compacted by roiling. Make fair to good founda- 
tioru when adequately confined. 


Grading : 75 to too per cent sand. The fiaction passing 
the No. 200 sieve b 1 cm than 10 per cent. These soQs bei^ non*plastic 
have no liquid limit or plasticity index. Optimum mobture b 9 to 
12 per cent and max. dry wdght b 120-130 Ibs./c. A. 


Group A- 4 . 

Fine grained sods having low plasticity, consbting predomi¬ 
nantly of silt or silt loam sods, containing only moderate to small 
amounts of coarse material with no iqipreciable amount of sdeky 
colloidal clay. These sods vary widely m texture, composition, and 
range from the sandy loams to silt atxi day loams. Make good found¬ 
ations when dry but stability b lost when weL 

The sods in thb group when wet become elastic and show 
considerable rebound on removal of load and have no stability. The 
more plastic types will expand with increate to mobture in sufficient 
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desree to cause warping at the joints in concrete slabs (of roads) if the 
soils are placed at mobture conten|ts lower than the optimum. 

Clay %, low .. 90 (msx.) 1 Volume Change .. o-i6 

Silt % .. high I Max. dry Wright .. tio-tao 

Sand % .. 55 (max.) Moisture % .. 12-17 

Liquid Limit . . \'aries from 20 for sandy loams to 40 for clay loams. 
PhMidty Index .. xaries from o for coarse silts with no binder 
to 15 for clay loams. 

Shrinkage Limit .. Naries 90 for the belter graded sandy clay 
loams with good binder to 30 for silts. 

Group A-5 

This group n similar to the A*4 group except that it contaim 
verv poorly grad^ soUs and an appreciable percentage of materiab 
such as mica and diatoncs which tom highly elastic sub-grades which 
Appreciably rebound on removal of load even when dry, aitd are of very 
low and doubtful stability and difBcuIt to compact. 

: With a few exceptions the sand content b less than 55 p.c 
Silt percentage b medium aixl clay percentage b low . 

Liquid Limit ..more than 35. 

Plasticity Index .. usually ranges from o to 20 but in some cases 
may be as high as 60. 

Shrinkage Limit ..30-120. Usually exceeds 50 for the undesir¬ 
able soib of thb group. 

Volume Change .. 0-16 I Mobture % .. 22-30 

Max. dry Weight .. 80-100 | 

Group A-€ 

Thb group b composed predominantly of highly plastic colloidal 
clay soib with moderate to negli^le amounu of coarse maieriaL 
In the stiff or soft plastic state they albaorb water only w hen manipulated 
and become fluid. They can be compacted to natively high densi¬ 
ties by the uae of heavy rollers; ha\'e go^ bearing capacity when com¬ 
pacted to maximum practical density; are compressuble and rebound 
ve^ little upon remov^ of load. Th^ are very expansive and if placed 
suflwiently dry to allow water to be absorb)^ in large quantities 
they may cause severe warping of superimposed concrete road 


Clay % 

sat % 

Sand % 

Liquid Limit 
Plasticity Index 


30 (min.) 

.. medium 
.. 55 Imax.) 

.. 35 (min.) 

.. 18-20 


Shrinkage Limit 
Volume Change 
Max. dry Weight 
Mobture % 


.6-14 
17 (min.) 
80-110 
.17-29 


In the firfd thb soO group b characterized by the presence of 
ihi^^ cracks TO all «Jirf»ces exp^ to drying. WT,ca concrete 
slabs (m road work) are placed over these sods the sub-base should be 
blanketed with non-expansivc materiab or compacted to high densities 
at carefully controlled mobture content 

Group A -7 

I^Uc cUy loam s^ containing a high percentage of cUy 
part of which is composed of very fine particles combioed with organic 
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mailer or coanc gnuncd mioL They are umiUr to those of froup 
exmt that at certain moisture contents they are elastic and d^orm 
quicUy under 1^ and recover app^ably on removal of load, but 
have good stability and besuing capacity when well compacted to high 
densiti^ Allemate wetting and dry^ of these soils under field 
conditions leads to rapid and detrimental volume changes. These 
soils have produced more severe warping of concrete slabs (in road 
woric) than have soils of other groups. 


CUy % 

Silt % 

% 

Liquid Limit 
Plasticity Irtdcx 


.. 30 (min.) 
.. medium 
.. 55 (max.) 
.. 35 (n«n.) 
.. la (min.) 


Sluinkage Limit 10-30 

Volume Ghanrc 17 (min.) 

Max. dry Weight 8^110 
Moisture % .. 17-28 


Gaovr A-8 

The soils in this group are conqsosed of very loA peat or 
muck aiKl dirt and contain excessive quantities of organic matter 
and moisture; are luually brown or bla^ in colour aixl highly com* 
presnUe. They have very low stability and supporting power aixl are 
unsuitable for road sub-gnwles, fills, and foundations or embankments, 
as they will settle. Their use in any t>’pe of constiuctiM slxruld be 
avoided whenever possible. 


Grading : The grading b not significant, but sand content » 55 per 
cent maximum. 

Liquid Limit .. 35-400 I Volume C}ian|e 4-200 

PUaticity Index .. o^ | Max. dry Weij^t go (max.) 

Shrinka^ Limit . 30-120 I 

Note—M ax. dry weight b in lbs./c.fl.; Mobture b optimum mob- 
ture, percentage of diy weight (approx.). 

The best foundation sorb arc those of Group A-t to Group A-4. 
The lets plastic varieties of Groups A-6 and A-7 are the next bm and 
the more plastic varieties of Group A-5 and A-8 are the soils that need 
■pedal treatment. Generally, soib of Group A-i, A-2, A-3 and the 
better varieties of Group A-4 can be cxpeciro to perform satisfactorily 
in fiUt without regard to mobture content and spedal methods of 
consolidation. M^ura fJastic varieties of soUs of Groups A-^ A-6 
ukI^ A-7 require the use of the demification method of stabiutatioo 
(o incresue satisfactory performance. More plastic varieties of soib 
and unstable soils, such as those of Group A-5, A-6, and A-8, should 
not be used in 61 b. The strength of soib of different type 
has a general tendency to decrease with decreasing particle sixe. 


Where the dry density of a cohesive soil is less than 
90 Ibs./c.ft. it should not be relied upon for the support 
of footings but should be compacted by pile driving or 
otherwise. 
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Effective fi'ir is defined as the maximum size of the 
smallest lo per cent of the grains b>' weight. 

Umformiij (o-e^cicRt is the ratio between the sieve 
slz« that will pass 6o per cent to the cfTcctivc size* 
It is computed by first determining the size that U coarser 
than 6o per cent of the soil and dividing that size by the 
^effective size.* 


SOIL TESTS 

A number of methods are employed for testing soils 
which require special laboratory equipments^ Certain 
of these tests are arbitrary and have been standardized]! 
and are detailed in B-S. 1377:15:40. Brief descriptions 
and outlines of some of the more important tests are given 
below* 

Determinatioii of tlie Deiuity/MoiHtizre 
Retatioa of Soil 

Proctor Compaetion Test* The apparatus used 
consists of a cyttndrical metal mould with a detachable 
base and a detachable collar which fits on the top. The 
soil specimen is brought to a certain moisture content and 
compacted into the mould with a specified number of 
blows from a stajidard rammer* The dry density'of the 
soil Is calculated and procedure repeated with increasing 
moisture contents and a curve is plotted, until maximum 
soil density Is obtained* 

This test is made to determine the moisture content 
at which the soil should be compacted to obtain the 
maximum dry density] and the dry density likely to be 
achieved by compaction in the field. 

The density of a soil can also be determined in the 
field by the sand uplacemeiit avih^d iti which a cylindrical 
hole of about 4 in. diameter is scooped out of the soil and 
then filled with sand of known built density* The volume 
of the hole is then computed from the weight of the sand 
required to fill it and the soil scooped out is weighed and its 
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moisture content determined. A number of tests should 
be made. 

Moisture Content Determination. A number of 
methods of determining soil moisture content both in the 
laboratory and in the held have been developed of which 
the most common are: Oven Dry Methoa; Sand-bath 
Method; Pycno-meler Method ; Density Method. 

Measurement of Compaction in the Field. The 
usual method of measuring compaction in the field is to 
determine the dry density of the soil in situ. There are four 
main methods of malung this determination, and the 
procedure involved in all cases is to determine the weight 
and moisture content of soil removed from an approximately 
cylindrical cavity whose volume is then measured. These 
Methods are: Core Cutter Method; Sand-replacement 
Method; Volumenometer-Method; Rubber-Balloon 
Method; Water Displacement Method. 

Consolidation Test is performed for the purpose 
of determining the total volume decrease as well as the 
time rate of volume decrease which a laterally confined 
soil sample will undergo when subjected to an ajcial load. 
The consolidation test is useful in all problems associated 
with settlement and is used principally wth cohesive soils. 
This test is essentially a confined compression test. 

An undisturbed sample of the soil is placed in a 
metal ring between two porous stones to facilitate drainage 
of the sample during the test, and a pressure applied to 
the upper stone. The magnitude and rate of compression 
of the sample imder the pressure is observed. When 
equilibrium has been attained the load is increased to a 
greater value and the observations repeated. The volume 
change of the sample is measured by an extenso-meter. 
Each increment in the load is allowed to act till no further 
contraction takes place under it. For each increment 
of load the progress of volume change corresponding to 
appropriate time intervals is recorded. The data thus 
obtained are plotted in the form of a dial reading vs. time 
curve. Time required for consolidation is proportional 


6/32 INDIAN PRACTICAL CIVIL ENGINEERS’ HANDBOOK 

to the square of the thickness of a soil stratum. Since the 
time rate of consolidation is a function of the permeability 
of a soil, it determines the co-efficient of permeability in¬ 
directly. 

Ltqmd Limit Test. The soil sample v^^ighing 30 
gram is placed in a porcelain evaporating dim about 
in. dia., shaped into a smooth layer approximately 
in. thick at the centre and divided into two portions by 
means of a grooving tool of standard dimensions. The 
dish IS held firmly in one hand and tapped lightly 10 
Umes against the palm of the other hand. If the low-er 
edges of the two soil portions do not flow together, the 
moisture content is below* the liquid limit. If they flow 
together before 10 blows have been given, the moisture 
content is above the liquid limit. The test is repeated 
ivith more or less moisture as the case may be until the 
two edges meet exactly after 10 blows have been given. 

«• ^ *"^lwinical device, called “Crank and Cam De¬ 
vice” is u^d in most of the lalx>ratories. In thb device a 
brass cup is raised i cm. abo\*c a flat base and then dropped 
bv rotating a handle. The L L is the moisture content 
when the soil sample flows together for ^ in. along the 
groove with 25 shakes at 2 drops per sec. Weight of 
the sample is 100 grams and passes the No. 36 B.S. sieve. 
T T weight of w-el soil—weight of dry soil 

weight of dry soil Xioo 

Pl*»tic Limit Test. A sample weighing about 15 
grams is taken from the rnaterial passing die No. 36 B.S. 
sieve and is thoroughly mixed with water on a glass plate 
until it is plastic enough to be rolled into a ball. The ball 
of the soil is then rolled between the hand and the glass 
plate so as to form the soil mass into a thread. When the 
diameter of the thread becomes less than | in, the soil is 
kneaded together and rolled out ag^ain. 1*his process is 
continued until cnimblingofthe thread occurs at a diameter 
of Jin. The portions of the crumbled soil arc gathered to¬ 
gether and the moisture content of this soil determined. 

TMdag Soils for Strength 
The behaviour ofsoils under loading is very complex. 
Soib of different types differ considerably in their resistance 
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to deformation \vhen stressed and such defcH-mation depends 
upon the moisture content, bulk density^ angle of in¬ 
ternal friction of the soil, and the method in which the load 
is applied. Furthermore, all the affected soil beneath 
a foundation Is seldom homogeneous and Urge variations 
in strength may occur in both the vertical and horizonul 
planes. 


_ The tests used to determine the strength properties 
of soils can be divided into three broad groups: Shear tests 
Bearing tests, and Penetration tests. * 

Shear Teats. The object of shear tests is to deter¬ 
mine (i‘) titc ultimate bearing capacitv of the soil mass for 
the design of footings and other foundations, (iV) the stabU 
lily of earth slopes, (iii) the estimation of earth pressure 
on retaining walls, footings and sheet piling, etc., and 
(le) for the design of thickness of airfield and road pave¬ 
ments. It determines the values of the apparent cohesion 
and angle of shearing resistance of soil under known lest 
conditions. All stability in soil is derived from shearing 
strength. The shear resistance is composed of two parts, 
the resistance of soil grains to sliding over each other and the 
cohesion existing between the soil particles. The resis¬ 
tance to sliding is dependent upon the angle of internal 
friction. A granular soil develops friction between the soil 
particles only under the application of a normal load but 
in cohesive soils there is resistance against sliding even 
when no normal load is applied. This resist.ance against 
sliding of the cohesive soib is called cohrsiom Clays have a 
resistance to shearing due to their cohesive strength. 
Shearing strength is dependent on and varies directly as 
the coefficient of friction and cohesion of the soil. To 
understand the shear strength of soils is one of the most 
complex problems of the soil mechanics. 

There are several methods of testing the shear strength 
of a soil in a laboratory, the most common being (i) Shear 
Box test, (li) Triaxial test, (Hi) Unconfined Oppression 

(io) Vane test. 

Shear Box Teat. In the shear box failure is 
caused in a pre-de ter mined plane of the soil, the shear 
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strvagtli or shearing resistance and the normal stress both 
being measured directly, as it is a direct shear machine. 
The essential feature of the apparatus is a rectangular 
box divided horizontally into two halves, the lower half 
box U fixed and the upper half is movable. The soil to be 
tested is enclosed in the two half boxes, and porous stone 
plates or metal plates are placed above and below the 
specimen. While a constant vertical compressive force is 
applied, a gradually increasing horizontal force is applied 
to the upper half of the box, thus causing the soil prism to 
shear along the dividing plane of the box. This measures 
the horizontal load required to shear a soil corresponding 
to any vertical normal compressive bad* The test is 
repeated on other identical specimens under dilTcrenl 
vertical loads and the results are plotted as shearing resist¬ 
ance against normal vertical bad fshear stress is plotted 
vertically and the normal stress horizontally) andas taright 
line is drawn through the points. The equation of this 
line is: 

s=c4-n tsLh ^ 

where: 

sr^horizontal force divided by the area A of the cross 
section of the soil 3 i>cciinen, I'.e., the unit shear rcsis> 
tanoc; 

c=Gohcaion per unit area^the horizontal shear force 
under no vertical load. Cohesion for a granular soli (dry 
«and) is zero* Can lie read off from the graph. 
n= vertical normal load per unit area, 

angle of shearing resistance or the angle of internal 
friction. Can he read off frorn the graph* 

In die case of utidrained saturated clays the angle 
of shearing resisUincc is zero. The true angle of 
internal friclbn of clay is seldom zero and may be as 
much as a6 . 

Direct shear tests arc of two kinds; (i) I mined i- 
ate tests, in which the horizontal load is applied as 
soon as the normal vertical load begins to act, and the 
specimen Is enclosed between metal plates, (ii) Slow tests, 
in which the soil is allowed to consolidate completely under 
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each increment of vertical load. The specimens are en¬ 
closed between porous plates whicli allow tne soil to drain. 

The inter-relationship between coliesion, internal 
friction and stability are determined from the above equa> 
tion. The unit shear resistance is composed of two parts, 
that furnished by the resistance of soil grains to sliding over 
each other and that furnished by die cohesion existing 
between the soil particles. By experiments the cohesion 
C in lbs./sq. ft. and ^ have been ascertained as given in 
the table below*, from which the vertical load n in ll>s./sq. 
ft.can be computed: 


SoU 

C 

* 

Deg. 

Clay liquid .. 


too 

0 

„ very soft 


200 

2 

„ soft .. 


400 

4 

„ lairiy stiff 


1000 

6 

„ stiff .. 


1500 

8 

„ very stiff 


2000 

12 

Sfll 


0 

20 

Sand wet 


0 

to 

„ dry or unmoved .. 


0 

34 

„ prHominating with some clay 


400 

30 

Cemented sand and gravel, wet 


500 

34 

Sand—gravel mixture cemented with clay, dry 


1000 

34 


(A ulrty factor of 2 should be apjidicd to the values obtained). 


Soil 

Density* 

Deg. 

Compact well-graded sands and gravel-sand 
mixtures .. .. .. .. 

1 10-120 

40 —45 

Dense well-graded gravel 

115—125 

45 —y> 

1^*0^ wdl-gradrd sands and gravel sand 
mixtures .. ., .. ., 

too—no 

35 —^40 

Dense sands 

105—115 

35 —46 

Compact uniform sands 

100-110 

35 “ 4 ® 

L^MMe uniform sands 

90—100 

90 —35 

Loose fine sands 

90—100 

28 —34 


1 


Dry density in Iba./cJL 
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Immediate shear strength of clays is taken as follovi'S ;- 


Type of cimy 

Shear llmigth 

Very iliff boulder clays and hard clays 

Smter than 3000 Itm./iq.fL 

Sdfr elayi and undy clayi 

jooci—^1500 tr 

Firm days ami undy days 

7id^7j „ 

Very fo(t cUyt and silts 

■as than 375 Ibs./jqA 


The sdils subjected to the higher normal stresses will 
have [ower moisture contents and higher bulk densities 
than those subjected to lower normar stresiscs and will 
thus have increase in shearing resistance and cohesion 
with increasing normal stres^^ 

Triasdal Compretalon T»t. This test is used 
where more precise values of the cohesion and angle of 
internal friction of a soil are required than determined 
from a shear box test. The specimen of the soil is subjected 
to three compressive stiesses at right angles to one another^ 
and one of these stresses is increased untii the ipecimen 
fails in shear. The teat diHers from the shear boa test in 
that the stresses determine the plane of shear failure which 
is not predetermined. 

In this test a cylindrical specimen usually i} in* dia+ 
and 3in5. Jong is eneiosed in a thin rubber membrane and 
is subjected to radial fluid (water or glycerine) pressure* 
Increasing axial stress is applied at the top until failure 
occurs. The test is repeated with difFcrcnt pressures and 
the results are plotted in the form of Mohr*s circles* The 
triaxial apparatus is probably the most useful for research 
into the fundamental properties govering the strength of 
Soils hut is elaborate. 

The undrained trfaxial test is^ in. general, used as 
a basis for estimating l>earing capacity , earth pressure 
and slope stability of cohesive soils. Unconfined compres¬ 
sion lest Is used for predominantly clayey soils which arc 
saturated or nearly saturated. 

Bcmring Teati, Arc loading tests made in the 
field on the surface of the soil mass* faring tests are made 
to know the elastic and unrccoveralde compressibility of 
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the soil while penetration tests are made to know the rcsis* 
tance of the soil to deformation by shearing. Such tests 
may be used in order to determine the ultimate bearing 
capacity and the load/settlement characteristics of the 
soil under the foundations. Bearing plates arc generally 
used for bearing tests and have been described under 
‘‘Loading Tests on Foundations*', in the following pages. 

It is usually assumed that the effectively stressed 
zone beneath a loaded area extends to a depth of i ^ times 
the width of the area. Bearing tests should only be carried 
out on material which is homogenous to the depth which 
will be stressed by the prof>osed structure, and in the case 
of non-homogeneous materials tests should be carried out 
on each stratum in turn. If the surface stratum is under¬ 
lain by softer materials with lower bearing capacities, r.g., 
a sand bed over soft clay, loading tests on the surface will 
indicate an excessive bearing capacity and low settlement. 

The pressure from a load is rarely distributed evenly 
over the whole base of the footing, but for rigid bases, the 
distribution of pressure u quite different according to 
whether it is founded on cohesionless or cohesive soib. 
On sands, the bearing pressures arc higher at the centre 
than at the corners and edges whereas, on clays the higher 
pressures come at the edges and corners. But for practical 
purposes the total load is assumed to be distributed evenly 
over the whole base of the footing. 

Unconfined Compression Test is similar to a 
compression test performed on concrete cylinders and u 
made by applying an axial load to cylindrical or prismatic 
soil samples and measuring the deformation corresponding 
to the stress as the load is increased. When the stress 
reaches the ultimate strength, the sample may fail either 
by a gradual bulging or by a sudden rupture. The ulti¬ 
mate strength of a test specimen prepared from an undist- 
turbed sample (at unaltered mobture content), is a 
relative measure of the ultimate bearing capacity of a soil . 
A comparbon of the stress-strain characteristics of a soil 
tested in the undbturbed state, and then in the remoulded 
state at unchanged mobture content, b indicative of the 
structural damage caused by remoulding. A simple 
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apparatus intended for add use has b«n dtvtloped. This 
test is generally the most convenient for immediate teste 
on saturated or nearly saturated clay^. 

The Vane Test. Is a held shear test for ebys in 
which a vane consisting of two or four blades fixed at right 
angles, is attached to the end of rod and pushed into the 
soil at the bottom of a borehole. The torque required to 
cause rotation or shear the sail is measured. This torque is 
approximately equal to the moment developed by the 
shear strength of the clay acting over the surface of the 
cylinder ufitli a radius and height equal to that of the 
vanes. This test has the advantage over the unconfined 
compression test in that the shear strength of a soft and 
sensitive clay at considerable depths (say up to about 
loo ft.) can be determined in /i/u without obtaining un¬ 
disturbed samples. I'bU test is still in the process of de¬ 
velopment. 

Penetratlan Tests are small scale bearing tests and 
determine the strength propenks of a soil mass. The 
most common being: 

The C.B.R. Teat which is an ad hw penetration 
test developed by the California State Highwaj-s Dcpil* 
for the evaluation of sub-grade slreugihs. It is a measure 
of the shearing resistance oi a soil to penetration under 
controlled density and moisture conditions. The 
strength of a soil is found by causing a plunger (or piston) 
of standard size to penetrate a specimen of the soil pre¬ 
pared to the density and moisture conditions of llic soil 
to be tested in a standard mould. The resistance to pene-i' 
tration is measured and then expressed as a percentage 
of the known resistance to penetration of the plunger in 
a crushed aggregate. The California bearing ratio test 
can be made on nearly all soils ranging from ehiy to fine 
sand. This test is generally used for the design of road 
pavements. 

North Dakota Cone Test, It is a cone penetration 
test similar to the C.B.R. developed by the North Dakota 
State Highways Deptt. This test is simpler and more 
rapid than the C.B.R. but its use is restricted to fine-grained 
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soils and is considered reliable only for clayey 
pcncirometer consists essentially of a shaft with a shai^ 
Mne attached to one end. The cone is leaded during Jc 
test bv placing weights on a disc fixed to the top of me 
shaft and its^ne^ation measured. The test is made 

directly on the sub-grade. ^ . u 

There are several other forms of penetration tests such 
ai: C ne Peattration Test and Proctor Penetration 
Keedlc Test which arc, in general, only of use in 'Cohesive 
soils. These penetration tests are in the nature of small- 
scale loading ttsts and only measure ihe 
soil in die immediate vicinity of the i'."’"jj 

measure directly any ftindatncntal P“P^X |™‘’ 

but it is possible to co-rebtc the results inth the shrar 
Strength or density and moisture content for each parli- 
cnlar cohesive soil. 

Load Bearing Capacity of Soils 

The bearing capacity of a sod dei^tids upon me 
ph>Tsical characteristics oHhe soil 
whesive properties, frictional resistance and the 
retain etc.), moisture content and the changes 

brought In by the atmospheric influences (heat, rain etc.)e 
The iner the soil particles the more variable 
hesiveand frictional properties of the sod 
dons. In general, the Kaviev the unit weight of soil he 
greater the strength, and abo the lesser the wids, the 

Wfth iTuc^ built on sands and giavcis the sc^ 
ment is likely to be practically 

construction, but when the site is underlain “ 

sills, settlement is likely to conimue for a long time after 
coniruction and cracks may appear many years after 

foundations settle under load and the ^neral 

tendency is for some, parts of a factor 

others causing relative movement. The 
m the seulemcnt of a structure is not the amouM ^‘^setde- 
ment but the diff^r^niial settlement between the 
parts of a slm mre itself. Excessive pressure is compara¬ 
tively uncommon cause of set dement. 
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Invcsiigation of all layers under a foundaiion &huuld 
be made aa even thin layers which arc weak in shear can 
cause settlement. 

Load Bearing Properties of Rocks 

Rocks have a high safe bearing capadly except when 
decomposed, heavily shaitcred, or steeply dipping. On 
a nondcvcl site dangerous conditions may develop vdth 
strataGed rocks if they dip towards cuttings or deep base¬ 
ments. Reduction in the permissible load should be 
made iF the beds arc steeply incUned , Slips or cleavage 
planes may cause trouble if there arc cuttings or deep base¬ 
ments close to the Foundation. With limestones* the possi¬ 
bility of caves or sw'allow-holcs should not be overlooked. 

Load Bearing Properties of Clayey Soils 

Tlie most marked characteristics oF cohesive soils 
from the engineering standpoint is their susceptibility to 
slow volume changes. All soils containing greater pro¬ 
portion of day expand in bulk when wetted and contract 
on drying, the volume changes cause both vertical and hori¬ 
zontal movements oF the ground, the vertical movement 
being generally the more important. Shrinkage and 
expansion of clays of high Liquid limit may be very 
detrirnrntah When subjected to load, even if the pressure, 
is bdow' the maximum safe bearing capacity, some of the 
contained winter is squeezed out with consequent dimi¬ 
nution of volume, resulting in consolidation settlement. 
The possibility of these movements is an important con¬ 
sideration even for light buildings. The be^a^^our of clayey 
soils is mo$t treacherous when in great thicknesses as the 
total scitlemcnt depends on the thickness and compressi¬ 
bility of the layers. Care is also necessary when building 
on relatively steep slopes of cky> since downhill creep is 
appreciable and often leads to serious trouble. 

Settlement on foundatioiiLS of djiyey soils increases 
with the size of the footings and some soils are of such a 
nature that settlements do not take place immediately 
after the load is applied, there is a lime lag in the settle¬ 
ment following the leading. Clays settle somewl' at if re¬ 
loaded and may swell if lead is removed; there are also 
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definite periods of time for these ^settlements to become 
complete. Shear failure in the suffer clays is immediate* 
but some soft plastic calys fail very slowly and short term 
loading: tests on them may be decepth-e. 

Load Bearing Properties of Sandy Soils 

Because of the iniernal frictional resistance of granu¬ 
lar soils their sliearing strength depends largely upon the 
magniuidc of the applied load, svhith increases in relation 
to the normal pressure to which they arc subjected^ The 
bearing capacity of sand increases under hca^y load. 
Sand is almost incompressible if compact and kept con¬ 
fined, and has great crushing strength. Settlement in 
sand occurs immediately the load is appalied (whilst it is 
slow in clay) and it may still contain water in the voids* 
Wet sand has less bearing power than dry sand and fine 
sand has less bearing power than coarse dry sand. 

Loose uniform sands arc apt to be treacherous smee 
they Suffer very appreciable settlement and loss of stability 
if Subjected to vibrations which cause them to fall into nmre 
dense packing. This has been explained under “Quick¬ 
sand fcrmation." Wlien designing structures on such 
soils, unit load should be reduced as much as jwssible and 
never more than a tons/sq. ft., and the foundations should 
be M confined that there can be no escape of any material 
from below the foundations. The density of ihc soil^ (n 
s^iiu should be compared Vtith its ^‘criticaV^* density which 
can be determined in the laboratory . No danger exists 
iflhc natural density is greater than the critical. 

Load Bearing Properties of Silts. Silts are 
generally fbiind In loose state but if den^ they are not 
necessarily a poor foundation. Micas, diatoms and or¬ 
ganic matter arc clastic and rebound when pressure on 
them is removed and since they cannot be permanently 
compacted, they make bad subgradcs. 

Field Methods of Esploration of Foundation Strata 
Site Exploration and Soil Survey* It is desirable 
to make a preliminary rcconnaissaucc by walking over 
I he ground or the site to obtain a broad indkatiou of 
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the work required. A soil survey comprises the exploration 
of soil conditions over the site by boring or other means, 
and preparation of sections indicating the soil profiles 
and the ground water levels. 

Extent and Depth of Exploration. A soil sur\'ey 
should be sufficiently extensive to furnish an idea of the 
degree of variation of the soil in both horizontal and vertical 
directions. This is particularly important where there 
can be differential movements of one part of the structure 
relative to another due to variation of loads as differential 
settlement between the adjacent parts of a structure are 
more important than total settlement of the structure as a 
whole. The position of a soft layer relative to the surface is 
important as frequently a deep seated soft layer has been 
the cause of movement. The large settlements occurring with 
structures founded on compressible soils are due almost en¬ 
tirely to consolidation of the underlying strata. The thicker 
tire soft layer the greater will be the ultimate movements 
due to consolidation. A close study of the hydrostatic 
pressure (uplift) and the changes in ground water level 
due to weather conditions arc of great importance as these 
factors modify the stress-distribution appreciably. 
Presence of water-bearing sands or silts in beds of clay arc 
ptarticularly important where dams or cofferdams arc to 
be constructed. 

As a result of research it has been indicated that under 
the loaded area the stress is about one-fifth of the 
applied pressure at a depth equal to about one and a half 
times the breadth of the loaded area. Hence the larger 
the loaded area the deeper is its influence felt. The larger 
the footing, the greater the settlement, because the area 
of the pressure will increase in proportion to the size of the 
footing. (Relative settlement is proportional to the depth.) 
It does not , how'ever, increase the danger of failure be¬ 
cause the intensity of shearing stress is not greater in the 
deeper region. If a number of footings are in close proxi¬ 
mity, the effects from each arc additive. The shear dis¬ 
tribution indicates that the maximum shear stresses arc 
appreciable at depths of one-half to one and a half times 
the breadth of the footing. Therefore, it is necessary to 
explore the foundation strata to greater depths than these. 


SOIL MECHANICS 


6/43 


For roads and runways, borings 5 to lo ft. Ixlow the 
proposed formation level are gencraUy sufficient; for 
lootings a depth of approximately i) times the width of 
footings is required, and for dams a similar depth is generally 
needed. 

For ordinary' building structures it will usually be 
sufficient precautions, after haring dug and levelled off the 
foundation pits or trenches to a detpth of 3 5 

them by sinfang a few holes to a depth of alwut a to 8 ft., 
or by sounding with an iron rod and measuring the resist¬ 
ance to penetration, to ascertain if the soil continues to be 
firm to that distance.. Any ordinary building with a 
stratum of firm soil from about 5 to 8 ft. thick below the 
foundation bed \rill generally be safe against settlement. 

Soondling and Probing. A most simple method 
of soil exploration is by means of funding rods which is 
suitable tor shallow* foundations in common soft soil^ 
A steel rod or bar of about J in. to i J ins. diameter pointed 
at one end and threaded at the other to receive additional 
lengths which arc joined together by couplings, is forced 
vertically into the ground with blows from a hammer and 
turned after each blow. The relative hardness of the strata 
penetrated can be judged by the resistance to penetration 
during driving. It may also determine the ground wattr 
level and a little practice will enable one to disUngu^ 
sandy from clayey soils by the sound given out w'hen the 
bar b tivisted. There will be some penetration through 
all soils except when rock is met with. On a rock the r^ 
will quiver when struck and make a different sound. 
To avoid mistaking a large boulder for ^lid rock, further 
soundings should be made nearby. Thb is only a rough 
guide raetliod w'hich does not produce^ a soil sample. 
Soundings up to about 30 ft. can be made in thb manner. 

Another better method is by driring in a hollow 
tube with open end of 11 ins. to 2 ins. diameter for abo^ 
a foot each time and withdrawing it for examining the 
material caught in the tube. The tube b split at the 
bottom for about ij ft. w'ith a slit of ins. to facilitate 
removal of the material. A depth of about 12 to 15 ft. 
can be penetrated by thb method. 
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Trial pits arc preferable to shallow bore holes in 
dry and stiff ground which requires little support as they 
give a more accurate idea of the strata in their undisturbed 
state. They arc very conimonly used for exploration to 
depths up to to ft. to 20 ft. bey-ond which the relative 
cost of pit sitiking to that of boring will increase. The type 
of soil within a few feet of the bottom of the pit may be 
determined by exploration with an earth auger or bv 
driving a tube to the additional depth. 

Boring is especially useful where it is suspected that 
a 1^ bearing soil underlies a hard bearing soil. Borings 
will also determine variattoos in ground water pressure 
due to flood conditions or draughts. If water is found in 
a borc'holc, the hole should be left for 24 hours for die 
w-ater to rise to its final level. 


Hand Angers 


Post-hole auger. This simple tool is used for 
putting down holes to a depth qf about 20 ft. in soft soils 
^hich wdl stand unsupported but it may also be used 
wi^ lining tubts if required. Augers of 4 or 5-in. dia. 
(6-in. max.) have been found most succcsaful ; for very 
dry non-cohesive soils or for ground below water-table 
level, augers wnth self-closing flaps arc especially useful. 
In cohttivc soils free of stones the common wood auger 
or coTkscreu; i^-in. dia. may be used. These augers arc 
turned by two men with 3 ft, long handles. Samples 
of the soils brought out are examined. About 50 to loo 
ft. of boring ^ri be done in a day. Where augw borings 
arc made without the use of casings it is often impossible 
fo determine from which soil stratum a given ^ugcr sample 
came as the sides of the hole sometimes cave in, and tlic toU 
picked up by the auger at the bottom of the hole will be 
the soil that has fallen from the sides of the hole at some 
higher elevation. 


Shell ud auger bering. The tooLs consist of 
augen for clay and shells or sand pump for sandy sirata- 
these are attached to sectional boring rods. Hand rigs 
can be used for veriical boring up to S-in. in diamet? 
and to 80 ft. m depth. Small boulders and thin strata of 
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rock can be broken up by a chisel bit attadicd to the 
boring rod, of the auger may be supplemented by a crowbar 
in shallow borings. The boring rods are raised or lowered 
by mcap of shear legs and a winch and arc turned by hand; 
casing is driven by means of a ‘monkey' suspended from 
the winch. 

Shell anger can be manufactured locally from a 
hollow tube of about 4 ft. length and 4-in* diameter with 
cuLiingcdgeat bottom and split along the length for about 
a ft. The top end b bent so that a square rod of 1 J-in. x 
] J-in* can be hxed with a round threaded end for attach 
Ing lengthening pieces. It b used like a screw- and 
driven down into the soil with the help of a handle* 

Where the testing has to be made to a considerable 
depth, ordinary vvelTborlng methods can be used. In 
firm ground no precautions may be necessary to prevent 
the sides falling in but if boring passes through a stratum 
of quick sandt marshy earth, etc., a casing of pipes must 
be provided. The pipes ^nerally used are frorn 12 to 15 
ft, long and of varying diameters, from 3-in. upwards, so 
as to pass one within the other. They are provided with 
bayonet joints or screw joints* The largest pipes arc first 
placed in the boring, successive lengths being added at 
the top untU the required length b got in and are forced 
down rf necessary by a monkey or a small pile engine act¬ 
ing on a block of wood fitted on the head of the pipe* 
When the resistance of the earth prevents the pipes being 
driven any further, another pipe whose external diameter 
is equal to the internal diameter of the pipe already placed 
(but slightly less), is lowered. The earth inside of the 
pipe may be removed by a small scoop with a long handle. 
For deep borings the rods arc replaced by a rope, one 
length of rod only being used next the chisel and boring 
done entirely be jumping. Great care must be taken to 
prevent breaking of the boring rods* 

(Boring methods have been described in detail under 
"Tube Wells".) 

Undisturbed (with jio change in moisture content) 
samples of the soil are taken out to measure the shear 
strengthj compressibility and density of the soil which are 
the three most importani properties of a «jil. 
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LOADING TESTS ON FOUNDATIONS 

For testing the bearing capacity of a soil the con¬ 
ditions of the moisture content and dry density of the test 
area should be those which are likely to exist when the 
structure has reached a state of relative equilibrium subse¬ 
quent to the construction of the structure. In areas sub¬ 
ject to water-logging and floods the bearing capacity of 
a soil should be determined under the wettest conditions 
that arc likely to occur and the soil to be tested should be 
brought under such a condition by soaking, and the basis 
of the design should be the strength of the wet soil. Clayey 
soils arc most likely to suffer by water absorption. Soaking 
can be done by making a small pond of bricks over the area 
to be tested and keeping it filled with water till the soil 
attains the expected moisture conditions; required degree 
of compaction can be obtained by hand tamping in thin 
layers. 

Bearing Plate. In general, iron plates cither a ft, 
souarc or 30-in. dia. and fin. thick arc used. Smaller plates 
of 18-in. or la-in. dia. may be used where much accuracy 
is not desired. Size of the plate should not be less than 
^th of the width of the foundation trench. The plate is 
placed in a pit dug below the bottom of. the foundation 
trench. Where the test plate is to be placed on the surface 
(for road works), it is preferable to remove the top 9-in. 
of the natural soil before placing the plate. It is very 
important to seat the plate accurately over the area and the 
grround should be levelled as much as possible. The plate 
should be rotated over the area and any irregularities over 
the surface trimmed off; the plate should be in contact 
with the soil over all its area. On coarsely-grained soils 
which arc difficult to level accurately, the plate can be 
seated on a layer of fine dry sand J in. thick. 

The load can be applied to the test plate, cither by 
the actual superposition of load or by Jacking against a 
reaction. Tnc following simple method of loading 
the plate may be adopted: Load the soil four times the 
proposed design load and read settlement every 24 hours 
until no setdement occurs in 24 hours. Add 50 per 
cent more load and read settlement every 48 hours until 
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no settlement occurs in 48 hours. Settlement under the 
test load should not show more than j in., or increment 
of settlement under 50 per cent overload should not ex¬ 
ceed 60 per cent of settlement under test load. If the 
abo\'e limitations are not met, repeat test with reduced 
load and in which case the reduced load wHll be taken for 
the safe loading capacity of the soil. At least two texts 
should be carried out, preferably, wth different sizes of 
plates. 

A small area will stand a heavier unit pressure for 
a short time than a larger area perpetually, therefore, 
the test area should be as larger as practicable, and the 
lest continued for as long a lime as ix>ssible. 

It is usually assumed that the load spreads out in 
the underground in the form of a truncated pyramid 
whose sides slope at an angle of 45®. The high load 
intensity under inc test plate at the ground surface decreases 
rapidly with the depth in the underground and practically 
vanishes at a depth amounting to only a few times the 
diameter of the loaded area. In small-scale loading tests 
the stresses due to the test load arc confined only to the top 
few feet of the soil and reflect only the properties of the sou 
a fool or two below the test plate and give no idea of the 
properties of deeper layers. Since the depth of the stressed 
soil depends upon the width of the footing, the loads from 
wide footings will produce high stresses in the underground 
up to considerable depth. As such, the load test on the 
small area can give a completely misleading answer as to 
the ability of the soil to support the structure safely. The 
»il-load test alone is, therefore, not a sure test of the bear¬ 
ing capacity of a soil, these tests must be accompanied 
by suitable borings. 


/ 
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6afe Loads on Common Soils: 


Rocks 
Hard rock 
Ordinary rock 
Sandstone .. 


^|b<./3q. ft. 


.. above 20 
. .above to 


12 to 20 
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Limestone *« 


. . 9 to 90 

Soft rock 


* . 9 to 8 

Moorum 

■P # 

2 to 4 

Clay shales,. 

a. 

10 

Marl and firm shale .. 


6 

Hard chalk 


4 to 6 

Soft chalk .. 

. . 

-■ 


Intcxuity of pressure on a rock rouxidatioii should at 
no point exceed one-eighth pressure which would crush 
the rock. 


Cohijirf mb I 


Very stiff boulder clays .. .. 6 

Hard or stiff clays and sandy clays ,. 3 to 4 

Firm clays and sandy clays ,, *. 2 

Ordinary clay ^ * .. 2 

Sand and day mixed or in byerii. *» 2 

Red earth ^ . .. .. 3 

Moist clay .. * * i to 1 1 

Soft clays and sUts »^ « 1 

Very soft days and silts and peat .. 1 to nU 

Black cotton soil ^ ^ ^ to t 

Alluvial soil * * * * i tt> | 

Alluvial loams »^ * * ,, I to 1 1 . 

Made ground {consolidated) .. , ^ ^ 

Hoggin (compact) .. ‘ , 6 

Jion^ohesict seiis^ 

Compact gravel or sand well ccinented 5 to 7 
Compact gravel or sand and gravel ,. 4 to 5 


Loose gravel or sand and graveL . 

Compact coarse sand (conEned).. 

Loose coarse sand 

Compact fine sand (conTined) 

Loose fine sand 

Sand with clay 

Kaukar 
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A'ou: 


(t) The above values are only approximate 
and the allowable bearing pressure for individual soils may 
differ considerably. The ngures have a factor of safety 
of a to 3. 

(ri) If the ground water level In sand or giavel 
soiU U likely to approach foundation level the safe bearing 
pressure should be reduced to about one-balf the values 
given. 

(lif) Foracccntric loads the maximum safe pressures 
may exceed by about to per cent. 

(ip) The safe bearing pressure can be exceeded 
where the foundation is talcen welt down in the ground 
by an amount equal to the W'eighi of the material which is 
displaced by the foundation itself. 


In the case of iion-cohesive soils the bearing pressure 
may be increased by one-eighth of a ton for each foot of 
depth of the loaded area below the lowest ground surface 
immediately adjacent. 

For foundations, supported on cohesive soils, the 
settlements of footings for a given unit pressure increase 
with the linear dimensions of the footing. There would 
Uicrcfore be a difTercnt allowable pressure for each siae of 
footing on a given coheave soil if uniform settlement were 
required. 

(z?) The ultimate bearing capacity of soils under 
long rectangular footings should be taken only |th of the 
bearing capacity under square footings. 


Average Weights of Soils and Maaonry in lbs. per c. ft. 


Earth, dry to wet 100-150 

Sand, dry to WTt 90-125 

Sand and clay 125 

Gravel 90 

Gravel and sand no 

Silt, dry to wet loo-i 10 


Brickwork* ordinary 112-120 
** sundried too 

Stone masonry t6o 

Dry stone masonry tjo 

Lime concrete 1I2 

Cement concrete 130-150 
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Saperimpased on Floors 


Type of Building 

Lbs./sqit. of l^r wca 

Slabs 

Beams, 

Columns, 

Walls, 

Founda- 

tioni 

AesidcntlaJ buildings, betel bed-ri^oms, hiOspiial 
rtnuu and wwids .. * * * * 

50 

40 

Roouti used as oftiDes, without storage * . 

70 

5 f> 

Schools, reading roomi, light vrarlahops 

da 

70 

Retail ahopl, garages for light CaiS, Banking 
halU, restauianu, churches ■ * . - 

So 

So 

•Anrmhly haJJj, dance halh, drill halls, public 
spaces in hotels and hospatali* theatres and 
and ciAcma^, staircases and landingl* other 
public places ,* ** *■ 

IDO 

100 

Ware-houses, book stares, garages for heavy 
vchklcs, heavy workshop 

Wttt 

Of actual 

300 


*Experiincnn cfirricd out by Ptor Johnicm of Harvard Univer¬ 
sity (U,S ahoiv tbil it, la posibl« for a crowd of pcopte lo ocert » 
l iTg ti a weight iu i8i Jha./sq. h. of floor am. A weight of 140 Ibt./iqr 
ft, U quite pdaaibic where there air thrcngi. qf people, A load of 80 Ihfl./ 
sq,ft. b quite frequent in buildingi and private bouss at social 
gatheriiigl, A crowd of men piuhiDg againSI a balustrade may extrt 
a borixuuial presure of about 168 IbSr/fb rum when they we three deep, 

“Supcrimpoied loads^* caiuist of pcisana occupying ibc mdmsj, 
furoituFe, equipment* etc. 

Mimmunt load for slabs of less than 64 sq* ft. area 
should b* taLken as for 64 sq. fi,, and for beams of less than 
8 ft. span, load should be taken as for 8 Ft. Beams , ribs 
and joists spaced at not more than 3 ft* centres may be 
calculated for slab loadings* 

Weights to be taken for the Design of Foundations:— 

(t) Dead loads of: foundation contrelc, walb, 
roofs, floors, projections and any concentrated loads* 
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fiV) Superimposed loads on floors, roofs, staircases, 
etc. Vertical components of any horizontal thrusts in 
vrarchouscs or vv'orkshops, or from arches. 

In buildings wlicrc the superimposed load does not 
exceed too Ibs.^sq, ft., the following reduction is made in 
the Bupcrimi^d loads for the design of columns and 
foundations m multi-storey buildings:— The superim¬ 
posed load O'n the topmost storey' is in accordance with 
the above table but a reducdon of to, 20, 30, 40 and sjo 
per cent is made on tlie superimposed load on the I'st, 
Slid, 3rd, 4di and ^ih storeys respectively below the top" 
most storey, and 50 per cent for all the succeeding storey's 
where the building consists of more tJian 6 storeys. It 
is highly improbable that full load will ever be irnposed 
over all the iloors at one lime except in the case of vvare- 
honses in which full load conditions might occur. Some 
engineers take only 50 per cent of the total superimposed 
load on all the storeys except the Tst. 

An ordinary^ single storey residential building imposes 
a weight oil the foundation of about r to 1 J tons per sq* fu; 
a a-storey building, of about r| to if tqm; and a 3-storcy 
building of about 2 to aj tons per sq. ft, A 3-storey build¬ 
ing of the heavier type may have a weight of about 3I to 
4 tons per sq, ft. 


3. DESIGN OF foundations FOR BUfLDlNGS 


Deptli of Foandations —h^Iinimum depth of founda* 
don is given by: 



Rankine^s formula applicable 
to loose toils. 


where: h=mjn. depth of foundation in ft, below 
ground level; p=safc jjcrmbsjble pressure on base in 
lbs,/5q, ft,; W'=ivcight of the soil in Ihs./c, ft.; of 

repose of the soil materiai. 

For tall structures such as chimneifS and towers, 
j th of the Safe load on the soil should be taken and the 
depth h increased by 

For values \ Section 7—" Afasonry 

\i+sin^ / Structures'b 
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Foundations arc generally taken down to about 3 to 
4 fL for main walls, i J to 2 ft. for partition walls and 
I ft, for boundary walls in ordinary good soils 2 to 3-storey 
building weights. But foundations must be taken down 
to a firm soil and below weathering effects. When part 
of a footing is in weaker soil, that part should be uken 
down deeper and separated, or measures adopted for equal 
distribution of pressures according to the bearing capacity 
of the respective soib. 

Widtli of Foundation Concrete 

For heavy buildings the width of the concrete in 
the foundation should be determined by the bearing 
capacity of the soil. The resistance of concrete to tensional 
and shear stresses is very low, therefore, the projection of 
the concrete beyond the wall (oroffsets) must be so limited, 
and depth must be sufficiently great,as to prevent cantilever 
action and to give the maximum shearing area. Crushing 
tests on cubes of concrete show that the plane of greatest 
shear occurs at an angle of 45®. It is considered usually 
sufficient to fix the depth of the concrete by drawing lines 
at 45® from the base of the wall to intersect the side of the 
concrete bed as shown in the illustration. Projection of 
the concrete beyond the offsets should be not less than six 
inches on either side since the edges arc not generally 
^11 consolidated, and its thickness diould be not less than 
its projection beyond the offset and in no case less than 6 
inches.^ Minimum size for 1:3^6 cement concrete (or 
good lime concrete) wall foundation would be twice the 
thickne» of wall plus one foot for the width. The 
illustrations show “rule of thumb” for ordinary buildings. 


Coocrete in FouiMlations 


Cement Concrete. Mass-concrete foundations in 
good ground stressed - 


in direct compression 
only, should not be 
leaner than 1 14:8; 
or I part cement and 
8 parts all-in aggre¬ 
gate. (For cheap 
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d can be calculated* Thii formula applies to masonry 
walls and caiiutms which are not considered as rigidly 
fixed at the bottom. W=total load due to the column or 
wall on the footing; L=!?total width of the footinE; 
thickness of the column or wall; d»depth of the ^ting, 
and f ia the "moduliia of rupture” (explained tn Actions 
3 and 8) of the material of the footing. (Take 
dunensioTts in lbs. and inches.) 

The footing Is also checked against * 'punch ing shear* ^ 
This has been further explained under R.C. CoLunms* 

Design for bending under eccentric loads has been 
discussed in Section 7* 

4. CAUSES OF FAILURE OF FOUNDATIONS 
AND REMEDIAL MEASURES 

(a) Unequal settlement of the 3ub<'Sdil: Masonry 
should be raised uniformly over the whole area. A slow 
progress of masonry work makes stronger joints and has 
more uniform settlement. 

(i) Unequal dutribulion of the weight of the 
structure on the foundations due to eccentricity of loads: 
In continuous wall foundations reinforcement should be 
provided whenever an abrupt change in magnitude of load 
Or variation in ground support may occur* 

(r) Horizontal movement of the earth adjoining the 
structure* This ia elective in the case of clayey soils and 
black-cotton soils. Such soils become soft and swell when 
wet loosing their bearing power considerably and shrink 
and Crack when dry* (^e under "Improving the Bcarins 
Power of Soils.") r a s 

(rfj Atmospheric Action; Rain and the sun are 
the ^in agents with the change of seasons. Rise and fall 
of the sub-soit water levclj increasing or decreasing the 
moisture content which is «pecially effective when the 
und^^round water is near the surface, or in damp soils 
^^verlyinga Uyer of porous material like sand; the sub-sotl 
*hnnks or expands causing cracks* Soakage of the rain 
aub-soil also produces a number of changes as 
Sometimes bring in salts which react chermcaJly 
on the lime and bricks in the foundadocs and cause them 
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to dtsmtegratr. Underground open drains should be 
provided to drain out the excess water when the subsoil 
water level rises. Method has been explained in detail 
in the Section on “Roads and Highways.” Deep founda¬ 
tions with sides (of the trenches) well filled and consolidated 
with good slope aw’ay from the walls given to the ground 
surface will help against rains. A plinth protection of 
about 2 to 3 ft. width with concrete or flat brick flooring 
will give further protection, ^ement or hydraulic lime 
should be used with stone or ov er-b urnt bricks uj> to the 
'plinth level in damp locations^ 

~ (r) Transpiration of Trees and Shrubs: This 

is a very important factor which is not generally considered. 
The drying effects of the transpiration of trees and shrubs 
arc suf^rimposed on the seasonal conditions mentioned 
above whenever the root system approaches the shallowly 
founded structures. The root systems ofisi^tcd trees 
generally spread to a radius greater than the height of the 
tree and have been observed to cause significant drying 
of fat clay soils to a depth of 10 ft. llie fast grossing 
trees are especially dangerous and within 5 or 6 years 
the roots extend to a distance of 50 or 60 fl. and dry 
out the clay abnormally below the foundations of the near¬ 
est part of the house. Sometimes a permanent depression 
of the ground is produced during the early period of the 
rapid growth when the tree demands more water than is 
available on the ground. Abnormal spells of dry weather 
have much more serious effects. It has been found that 
the differential shrinkage l>elow the foundations can be 
sufficient to produce cracking in the brickwork. Such 
cracking can be most common at the western and southern 
sides of the house since these parts receive more radiation 
from the sun than the northern or eastern sides. The drying 
which progress from the outside towards the inside edge 
of the fooling causes outward tilting of the walls and corners; 
a movement which becomes magnified at the top of wall 
to I or 2 inches in the worst cases. The outward move¬ 
ment of the wall may drag the upper floor and roof with it 
and cause cracking to spread tnroughout the interior of 
the hosuc. 
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For overcoming the damaging effects of shrinkage the 
foundations should be taken sufficiently deep. A depth 
of 3 ft. is necessary to avoid cracking in normal brick 
houses away from fast growing trees. It has also been 
suggested that fast growing and waterseeking lrc« should 
not be planted within 6o ft. (25 ft. min.) of buildings. 

Trees planted alongside roads have caused marked 
depressions along the edges of the roads and underneath 
cement concrete patlis. 

(Based on the research made at the Building 
Research Station, Watford , England.) 

Safety of EscUtiisg Structures may be affected 
by: ... 

(0 excavations in the immediate vicinity which 
may cause a reduction in support to the structure; 

(if) mining or tunnelling operations in the neigh¬ 
bourhood ; 

(ill) adjacent structures which may impose addi¬ 
tional loads on the foundation strata or additional stresses 
in earthwork and supporting structures; 

(t») vibrations and ground movements resulting 
from traffic, piling or explosions in the immediate vicinity ; 

(a) shrinkage of clay soils due to weather, transpi¬ 
ration of plants; 

(ri) lowering of the ground-water level by pumping 
from wells may cause settlement of the ground surface 
over a wide area; 

(rii) a rise in the ground-water level may cause 
movement of the foundation strata^^_ 

5. IMPROVING THE BEARTnG^CAPACITY OF 
SOILS AND MAKING FOUNDATIONS 
ON WEAK SOILS 

If the foundations are left open for one rainy season it 
will enable the soil to settle down, and it will also be known 
whether the natural movements of tlie soil below due to 
increment of moisture are likely to cause any damage. 
^ Foundations in bad soils can be improved by: 

(a) Increasing the depth of the foundation except 
when the material grows wetter as the depth increases. 
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(ii) Compacting the soil by ramming. 

(f) Kammlng in sand, gravel, moorum, broken stone 
Of brick bais in situ between the foundation concrete and 
soil. This is useful for silt or black cotton, soils and also 
clayey soils. 

(if) Removing the poor soiJ and filling the gap wiib 
Sand, rubble stone, gravel or other hard material. This will 
increase the bearing power to about twice its originai vaLue^ 
In this method the foundation trenches are excavated 
for a depth of about 5 ft. and t} ft. wider, and filled with the 
hard material to a thickness of about i ft. to i J ft. and 
heavily rammed with water so as to force the hard cnaterial 
in the soft soil. If the filled material is buried completely, 
then another layer of the hard material may be filled in 
to a depth of aix>ut 6 to 9 ins. and well rammed. Thb 
method is specially useful for black cotton soils. (See 
under '^Foimt^tions in Black^tton SoLb" in the following 

pages) 

Cement grouting the rammed materlaU will make the 
foundadoni much harder. 

(r) Draining Out water from wet foundations. [This 
method has been explained in detail in (he Section 
“Roads and Highways. ^‘3 

(/) Driving piles, either of wood or concrete, or 
driving and withdrawing piles and filling the holes with 
sand Or concrete , This will increase the density of the 
soil. (The method has been explained In detail in the 
following pages.) 

(^) Artifiaal StabJlixatloii can be used to seal ofi^ 
permeable strata for deep excavations, or to give soft mils 
additional strength if th^ are likely to Bow. 

Ccrrvni grout. Water bearing gravel and coarse sand 
can be made very much less pcrTneable by pumping 
cement grout into them. The pTOf:ess is successful only on 
coarse sands and gravels where the grout can fill up the 
voids; finer sands necessitate some form of chemical or 
bituminous emulsion treatment. Grouting is of much use 
for deep excavations, such as tunnels. 
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Making FotmdationB on Weak Soils 

(d) Grillage fooimgs conj.ist of singl!! or double 
ticri of steel beams or rails. The top tier is laid at right 
angles to the bottom tier. The beams are held in position 
by spacers placed beiween them 4. to 5 ft. apart. The 
stanchion is usually bolted to the top tier and the entire 
footing is filled solidly with concrete and encased in concrete 
with a minimum cover of 3 to 4 ins.j a layer of concrete 
d to fi in. in thicLness is placed under tlic lower beams. 
The maximum spacing of beams should not be more than 
i8 ins. centre to centre. Overhang ends are designed as 
cantiles'crs subject to an upward uniform Load equal to the 
pressure on the foundation,. The woiklng stresses of the 
uncased beams may be increased by 33J per cent. It 
is necessary with grillage beams to check the strength of 
the web for resistance to buckling, and also shear strength 
for short spans. This type of foundation is generally 
suitable for single column loads. Steel grillage 
footings have been lar^ly replaced by reinforced concrete 
footings knowu as Foundations.*' 

(&) Columi) Tooting. For light loads the columa 
footings may be of plain concrete^ but most column footings 
are reinforced concrete footings with two-way reinforcing. 
Small-diameter closely spaced bars with hooked ends,, 
should be used to provide greater bond strength. (Thii 
has been fully explained under R.C, Columns.) 

(r) Raft or Mat FomniiatiaiiB, These usually 
consist of either, (a) thick reinforced concrete daltf 
covering the entire area occupied by the building and 
reinforced with layers of bars running at right angles to 
each other a few inches below the top surface of the mat, and 
another layer a few inches above tite bottom, or (i) inverted 
T-bcams of reinforced concrete, with the slab coveriag the 
entire foundatiori area- The beams run under ooth 
direct ions and intersect under columns and support wall 
loads, if any. Slab and beams are formed into a monolkbie 
structure and act os a unit. Reinforcement is provided 
in the beams to support walls, if necessary. The basement 
floor is placed over titc beams. Before the basement floor 
is placed, the space between these beams may be filled 
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with cindcn or some othtr materiiiL This kind ot foimda- 
tions are tised on soft natural ground or fill 'where the 
power of the soil is very low' and where piles cannot be 
used advanlagcoiislji'' . A raft should be so shaped and 
proportioned ihat the centre of area of die groundCbearing 
shouldj where practicablej be vertically under the centre 
of gravity of its imposed load. 

Raft fouridalions arc stable so long as the under* 
ground conditions arc undisturbed^ R»e and fall of the 
underground iwaicr-table is dangerous for such lypc of 
foundations. Where ground water pressure is likely to 
occur relief holes should be left in the mat to relieve the 
water pressure^ 


,Fbun da tions of the above type are sometimes 
called ftoaiing foURdstiorti and the term is applied vi htre 
the earth is excavated to a depth that ivill make the weight 
of the earth removed alxiut ed'ual to the building load. 
The total vertical pressure on the soil under the building 
is about the same after the building is completed as it wat 
before the site w-as excavated and the setUement is reduced 
to a minimum. 

^ Xd) Inverted arches method b now getting obsolete. 
' have been, described in detail in the follow* 

ing pages under “Piles and Pile Driving." 

A structure should be erected In such a manner that 
its whole weight is evenly distributed over the solid founda¬ 
tion below to avoid unequal settlement of the sub-soU. 
All settlement cannot be eliminated because there is a 
tendency for the central portion of the building to settle 
more than ihc outer portion. In order to reduce differeti* 
tial or uneven settlcTnent to a minimum^ foundations 
must be made very rigid. Heavily loaded parts of a build¬ 
ing should be separated from the rest, and the higher and 
heasder parts treated as separate units with independent 
foundations fitting in such a manner that the whole struc¬ 
ture will have equal settlement, Tlic foundations have 
also to be separated if the soil underneath is of varying 
nature and diRerent bearing capacities. 

The axis of the loads of a unit i.e., the vertical line 
passing through the centre of gravity of the weight of the 
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wholf wnh stmcturt, should coincide with the area of the 
foundation of the unit. If there is an eccentricity, the 
intensity of pressure becomes uneven at the two ends 
producing more compression at one end and less at the 
other [or even tension and lifting up of the sirnciurc) and 
the structure thus assumes an inclined poMtlon resulting in 
vertical cracks, Eccentric loads arc produced by indtned 
members such as, a pitched roof, thrust from an arch or 
wind pressure, balconies or brackets. The inclined load 
is rcsoh'ed into its vertical and horizontal coniponctits 
and the resultant of all the loads is found, and which should 
coincide with the centre of the base or should Re within 
middle-third for stabiUtyp V^crtical component divided 
by maximum pcTmissibie vertical load ^ plus horizontal 
component divided by maximum permissible hortzoniali 
load, must not exceed unity, 

S&nd Piling of Foundations 

If the foundation soil is unsatisfactory it can be 
improved by sand piHng- Holes arc made into the founda¬ 
tions with wooden pegs 6-in. diameter and 4 ft. long, 
driven 3 ft. into the ground. These holes arc filled with 
sand. The holes arc spacedi diagonally so that each hole 
is 3 ft. apart from those adjacent to it. Work should 
proceed from the centre of the trench^ outw'ards. Sand 
piling must never be restored to in foundations subjert 
to occasional floods by the rue of sub-soil water, or tn 
foundations where water is met within the course of exca¬ 
vation or bottom of driii'cn pegs. 

For big stnictuTcs, holes arc made about ii*in. 
diameter and to ft. deep which arc filled with sand. The 
spacing may be about fi to 10 ft. according to the anange< 
menu of the columns of the structure. Ihe filled^iii sand 
is thornughly consoUdated and a concrete slab laid on 
top of the piles. The concrete is also let into the pile 
holes for about 6 ina. to 12 ins. so as to be monolithic with 
the slab. A loading lest should be taken for the safe 
bearing capacity of the piles. 

On shrinkable clays, it may be more economical 
to use short bor^ piles and beam foundations to support 
the external walls. This has been described under **Pila", 
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Foo^tions in Black Cotton Soils. The follow¬ 
ing merhods arc generally adopted to meet the character- 
uucs of this soil:— 

(i) Foundation loads arc limited to i»ooo lbs per 
ft. if water finds access to the foundations, othe^w 
It may be about i ton per sq. ft. 

(«) Foundations arc uken down to such depths 
to which the cracks do not extend. 

on «ther side of the founds- 
bons and filled with sand or other material to present 
innmatc conUct of the black cotton soil with the concrete 
and masonry of the foundations. 

- i. thickness of the black soil is only 3 to 4 ft 

It should \x completely removed and foundation laid oii 
the soil below. 

{ip) For important buildings Raft foundations of 
reinforced concrete arc provided. 

For ordinary buildings, the foundation trench should 
be a^ut 4 ft. wide and taken down to at least 6 ins. below 
the d^th at which the cracks cease. The bottom of the 
tTCTch should be well watered and thoroughly rammed 
Rnth heavy rammers. On the rammed bed a la-in. layer 
of good hard moorum or other such soil is spread in 6-in. 
I^crs, well watered and rammed. On top of the moorum 
about 18 ms. of sand u mread. Before spreading the sand 
and in order to keep it from running, when dry, into the 
cracks in the black cotton soil, a half-brick wall in mud or 

a thin skin ofstonema^nr>-is built along both sides of the 

j.* P” sand the concrete foundation of the 

building IS laid, the masonry to start 6 ins below 
pound level. Or alternatively, boulder filling may be 
done underneath the foundation concrete and sides filled 
with sand. Sand filled around the foundations is about 
6 ms. for compound walls and unimporUnt buildings and 
I ft -61ns. to 2 ft. for main walls. Another method 
Similar to the above is: 

Trencha are excavated to a depth of from e to 6 ft 
and width greater than the width of the bottom of footing! 
by tj ft. &ment concrete 15 filled in to athickne« of oira 
on both side! of the trench bottom for a width of 9 inj oii 
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either side , thus leaving a space equal to the width of the 
bottom of the masonry and 9 ins. high which b filled with 
sand. On the top of thb (for full width of the trench) 
R.C.CS. slab b built 6 ins. thick. Masonry (foundation 
footings) b built on the R.C.C. slab and the 9 ins. space 
left on both sides of the foundation masonry b filled with 
sand. A vertical pipe of 3 ins. diameter is passed through 
the plinth masonry to the sand under the R.C.C. slab 
(through the masonry and the slab) which b kept filled 
with sand. The sand in the tube will fill up the hollows 
created at the bottom. Such tubes can be built from 4 
to 5 ft. apart and inspected at every change of season 
ana filled up with sand if required. 

Practice now adopted by some departments in cases 
where black cotton soil b encountered and good founds* 
don b at a greater depth than 4 ft. below the surface, is to 
put in shallow foundadons and use two reinforced concrete 
courses of bands, each 4 ins. thick, one at the plinth level 
and the other over doors and windows. Where the second 
band acts as a lintel it should be adequately reinforced. 
Thb prevents cracking of the masonry. 

Black cotton soil can be improved by blending it 
svith granular material, or white clay and coarse sand in 
equal opo rdons, which b spread on top and rolled. 

6. BUILDING ON MADE-UP GROUND 
OR FILLINGS 


The support afforded by made-up ground depends 
on the composition of the filling material, its depth , the 
manner in which it was placed and the denee of consoli- 
dadon it has attained. Filb of fine grained materiab like 
very fine sands, silly soib, clays, loosely tipped and not 
properly compacted during placing, take a v^ long time 
for consolidadon. Occasional rolling on the top surface 
makes very litde difference, since thb can only compact 
the upper foot or so and leaves the main body of the fill 
loose. It b always advisable to put test pits down into the 
fill aiKl by inspecdon of the sides to estimate the extent 
to which natural compacdon has taken place. If the fill 
is composed of hard granular materiab it b likely to give 
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good support. If large voids are found, the consolidation 
IS obviously poor* Moat B\h will be foiind inadequate to 
support any heavy structures. Wliere bearing capacity 
of made-up ground is considered to be goex!, wide atrip 
footings may be lufliciciit to distribute the lc3ad; they should 
be well reinforced in both lop and bottom. When the fill 
IS loose and of poor supporting value it is usually best to 
take the foundations through to firm natural ground 
below by mcam of piers or piles and to carry the structure 
on beams spanJng between them, well tied together with the 
piers or piles. Placing a building partly on natural ground 
and partly on fill should be avoided. 


Filling depressJons, When placing new fills, water 
in ponds or depressions should be drained away. The first 
layer placed in a new HIE should preferably be of a granular 
nature so that it may serve as a drainage layer at the 
of the fill. If there ts only a limited amount of good 
^anular materbU it will be best to use the granular material 
in layers interposed between layers of poor fill. With 
clay fills, the top layer also should consist of good granular 
ma»rial Fills should be rolled In thin layers of 9 ins. to 
12 Lua. 

7. PUMPING WATER OUT OF EXCAVATJo 5 ^S 
In order to estimate the number of pumps required 
CO drain an excavation or to carry out a groundlwatcr 
losing job, it is necessary to estimate the yield of water 
which depends upon the permeability of the soil and the 
hydraulic i^adicnt. Whilst no guide can be given as to the 
number of Sumps necessary in an excavation of given area 
it is generally considered that, unless the area is very small" 
two s^ps are better than one. Pumping from a numbtt 
of well-pomts spread over an area is preTcrablc to heavy 
pumping from one central pump. It is preferable, where 
the site permits, to locate the sumps outside the main ex¬ 
cavation area and water led to them. 


Many typtt of pumps have been developed . The 
types of jJipnps in most common use arc: 

r . to/Rrdpccxaiing, (2) Diaphragm (3} Ctntii- 

fugal, (4) Piitomeirr, and (5) Plunger pump. 
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Reciprocating pumps give good results only witli 
water free from griL 

Diaphragm pumpa will withstand rough usage and 
handle dirty and gritty water, though their power and 
capacity arc limited. They arc convenient on small sitta, 

Gentrirugal pumps, which are lift pumps, arc made 
with either horizontal or vertical spindles, the latter being 
especially suitable for sinking. They are simple, easy to 
drive amJ maintain, and will cope with a variety of con¬ 
ditions, including multi-stage work for high delivery 
heads. IMlh some loss in efliciency they can be made 
with wide passages to handle dirty waim For smaU 
lifrs with large quantities of water, a centrifugal pump is 
Likely to give the beat reauJts. Bottom of the suction pipe 
should be at least two feet from the bottom of the sump 
hole, since any gravel drawn up thesuedou pipe will injure 
the pump. The suction pipe mould be aa short as possible 
with few bends and should be laid with a slight gradient 
from the pump to the sump. A screen of staifier should be 
fitted at the lower cud of the suedou pipe, A foot-valve 
is requited above die strainer, 

fhe pulsometer , which a a force pump, is 
cotivenient for fouudadou work as it rcquirca no aiagjng 
and on be slung in any position, being attached to a boiler 
generating steam by a flexible pipe only. Iis range of ^ 
pumping is practically unlimiteu, depending only on the 1 
prcssuTc at which steam can be delivered to the pump, \ 


Double acting plunger pumps arc excellent for sandy, 
gritty and dirty waters. They are mostly used horiEonially, 
(Pumps have been described In detail in the Section on 
"Water Supply**,) 

Heavy pumping in excavations should be avoided a:^ 
it may tend to remove the fine material from under the 
foundations or the ground adjoining and cause "blowing** 
or **quicksand formation”'. Special care is necessa^ 
where there is a sand layer within a cohesive soil, 
especially if such a layer k water-bearing. 

Qqicksjusii Formadon, Q^uicksand Is a condition 
and not a sod type. This condition is created In saturated 
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thick layers of loose fine sandy soils when disturbed either 
due to vibrations such as, from pile driving in the iieiBb* 
bourhood, or due to pressure of flowing water. The 
particles in trying to achieve a closer packing will force 
the pore water upwards and out at the surface, and if this 
has stifhdcnt velocity to cause a floatation or ‘"boiling up" 
of the particli^, the sand par tides begin to mo^'e horizontal 
ly and get lifted up, the bottom sand rising up and its space 
is occupied by the adjoining particles, thus making a regular 
movement* The finer the sand the more readily it is 
affected by a current of water, especially if it contains a 
little day. A particular form of this known as “piping” 
b met with in coffer dam failures. Under such cundi- 
tions the material may be carried off from under a structure, 
which can result in the settlement of buildings at a con¬ 
siderable dbtance* Even if a full flow is not created, the 
stability of the soil b lessened due to the upward seepage 
pressure. Thb condition can be corrected by lowering 
head of water by underground drainage. 

ir cHctc is any chance of excavation or pumping 
on adjoining sites causing a “loss of ground" beneath the 
structure by releasing a I^aycr of runnmiF sand, this laver 
should be effectively confined by sheet piling. ' ^ 

Rmuuzig Sju^ Sand below the natural ground 
water level, which b carried into the trenches, trial piu 
or borfehoJes by the flow of ground^water as excavation 
proceeds, 

fl. MACHINE FOUNDATIONS 

There is no standard practice for fastening and 
bedding machine bases to their concrete foundations^ 
The foundation block must be made of suflicient bulk 
that will stand all the weights, thrusts and vibrations 
and should generally be heavier than the machine itself! 
The mass of the concrete block is usually about from 130O 
lbs. to aooo lbs, per B.H.P. and the depth should be at 
least 5 to 6 tim& the diameter of the cyfinder bore for 
large and medium size engines. 

The anchor bolts should be strong enough to resist 
sliding due to horizontal thrusts. The sme of anchor bolts 
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and dimensions of the foundalion concrete block are usually 
tuppllcd by the machine manufacturers. Many t>’pcs of 
aneiior bolts are used which arc either removable or baed. 
Removable bolts are usually provided for large machines 
and arc fastened at the lower end by an anchor plate nut. 
To give access to the lower ends of boltSj, pockets 
or band-holes are east in the sides of the concrete founda'* 
dons. The fixed bolts are cast in the fresh concrete. ^ A 
straight headless bolt will develop suiBcicnt bond with 
concrete to equal to tensile strength of the bolt if ii is era* 
bedded in the concrete to a depth of about 45 times the 
diameter of the bolt, Sntall bolts can be bwked at the 
lower ends and Urge bolts may be proiiHded with a nut 
and Washer or plate^ to secure further mechanical anchor¬ 
age* 

Wooden templates are used to hold the bolts tn correct 
positions and alignments. Where it is not possible to fin 
the anchor bolls at their exact positions while making the 
concrete blocks holes can he left in for the full depth of the 
bolts and of section of a frustum of a pyramid^ with bigger 
size at the bottom. These holes arc filled m with concirtc 
after the machine has been fixed in position. In placing 
concrete in the foundation, care should be taken to puddle 
or vibrate the concrete around the bolts without disturbing 
their position. When bolts are to be placed in hardened con¬ 
crete it is necessary to drill holes larger than the bolt, then 
fasten the holt in the bole. Holes can be made larger at the 
bottom by tilling the drill. Cement grout is u^ to fill 
die annular space around the anchor bolts. A minimum 
clearance of J in, around the bolt is desirable for grouting 
although bigger clearances are better* Eolts should be 
moved up and down a few times to free the grout of air and 
obtain consolidation. Bored holes in bed plates are usually 
i in, larger than the bolt for bolts up to | in., J in, for 1 in, 
to 24 ins. Imlis, and j In, for larger bolts. 

Vibrations, Foundations should be insulaicd from 
vibrating machinery as heav^' vibrating maebinfry may 
cause sriilcments on sands and gravels. Vibrations can 
be minimized by the following methods; 

(i) By prosdding felt, rubber, timber, cork or lead 
sheets between the bed plate and the foundation, block. 
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Vfhjc rubber is used it sliould be of the hiehm 
grade* and space should be provided for elastic flow a1 the 
Sides. Rub^r shoujd not be used where the icmnerature 
me 15 more than lao^F. and it should also be not allowed to 
come in contact with oil. Rubber aUo helps dampinir to 
a ftTfatn ext^t. Wooden slcewrs are put crosswise and 
tptkcd. Cork JS not very reliable* 

(I'O By providine rubber or lead sheets between the 
loundation block and the lower soil* 

(nt) Sometimes metal springs are fi^ed between the 
machine and the bed-plate. 

(«?) By filling in sand or saw dust between the founda¬ 
tion block and the side soil. 

The machine should be fixed rigidly with anchor 

{ic) Soft soils or loose sands and gravels which are 
Subjwt to settlement and Gompaciioii when vibrated 
should be compacted by means of piles or other means. 

9 . PILES AND PILE DRIVING 
DeFinitiona of tenoai 

AnviL The part of a power operated hammer which 
receives the blow of the ram and transmits it to the pile. 

CemposiU pilt. A pile whose length is made up of more 
than one material, r.g;, timber at Attorn and concrete at 
top. 

A cushion of hardwood or other material 
placed on top of the helmet to ttccive the blows of (he 
hammet. 

c^p. A temporary cap placed on top of a 
pile to distribute the blow over the cross-section and to 
prevent the head being damaged during driving. 

Drop or SiKkt. The distance which the weight is 
allowed to fall on to ihe head of the pile. 

. .py A hammer. Ram or Manlev (which 

are idenUcU mnnj) raised by a winch and allowed to fall 
by gravity. A stngli-aabif hcmiwr is raised by steam 

rompre^ air.or inicraal combuition.and allnwrtl to fall 
by gravity. A ■/saWr-oma/uopernted by itiam, rnm r . .w..j 
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air, or internal combustion, the 01037 of its hlova 
derived mainly from the source of motive power and not 
from gravity, 

HtlTruit. A temporary steel cap placed on top of a 
reinforced concrete pile to retain the packing in position 
and to prevent the head from being damaged during 
driving, 

piU btjit. A number of piles projecting abt^ the 
ground up to the bottom of bridge ^rde«. 
connected by capping beams on which the bridge dtCMOg 
rests. (Also sec under ‘"Trestle bent ), 

Jiflin. The rising and falling part of the hammer 
which delivers the blow. 

Set. Is the penetration of the pile per blow during 
the final stages of driving. 

A piled foundation is normally provided where the 
soil material under the base of a ?>tructUTC has insuffijaefflt 
bearing power to Uke the load of the st^cti^c, and ^e 
soil near the ground surface is also incapable of supporting 
a mat foundation. 

Type* <dr There are ^ typa of pho; 

Bearing pilB and Friction pil», and the Iwd taken by 
each pUc varies with the soil diaractenstics and the arrange- 
menit of the soil layers, 

BeuinC oil** are driven through soft strata and ^ 
d«p to rot an hard surface and sup^rl 
eSance develop^ at thdr points by end-beanng, and 
act as long coliSns . in these piles the ««, 
should be comparatively grealer to resist the buckling 

effect. 

Strawth of » pU* *• • Coloinne 

length^Tahile Is conSd^ to be from one Aird to m 
thi^of the W in the groimd pl^ 

above ground. The proportion taken dependi upflto t^ 

firmneT^f the surrounding strata. In no 

effective length be less than the pttgcctmg length plus 5 H, 

Frictioii pOe* which are called ^'floating , 

arc dK^n^o W strata and take load due <0 Stetson 
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of the uil against the surface of the piles. They depend 
for didr stablUcy on the continued supporting power of 
the itiatcrial surrounding the piles and any failure of the 
material will Involve a settlement of the plle^ 


In deep deposits of fairly uniform consistency and 
wnlch are compressed by piles, the load carrying capacity 
ui the case of single piles depends on the surface area of 
the pile* For the same superficial area of pile surface 
a few long piles are more efficient than many short piles. 

The following is considered the frictional resistance 
oflered by various soil materials to the pile surface:— 

Sand and gravel * * looo to i&oo Ibs./sq. ft. 

Stiff day .. Boo to 1200 Hs./sq. ft. 

Clay and sand mixed . - 400 to Boo Ibs./sq. ft* 

Dried and compact silt .. 300 to 300 Ibs.jfsq. fl. 

Silt and soft day . * 50 to too Ibs./sq* ft* 


Surface area of a pile fiictional resbtance will give the 
load the pile will earT>'. 

Friction piles must be long and should have high 
values for perimeter area ratio* Such piles should be longer 
than the width of the foundation supported {as explained 
under "Soil Mechanics'*.) 


Infiaence of Type of Soil* The load carrying 
capacity of piles is affected by the structure, water content, 
fiictiona) and cohesive properties of a soil* 

with wWer Jtjl end piaslU lapftj teith rftjQf timers 
belewi If the soft upper layers cannot be consolidated by 
driving piles into them, the piles must be taken down to the 
stiffer layers below. But the piles should not, however, 
be driven through the firm layer unless they tan reach 
another more suitable firm stratum lower down. 
Where the upper Layers are compressed to some extent, 
U Is not then necessary to go down deep into the 
stiffer lower layera. The procedure in such soils is to start 
driving piles at widely spaced intervals and then to drive 
intermediate ones until the bearing capacity is increased 
m the desired degree. In some cases days are weakened 
by driving piles through them. 


WlLm AjiO VnM DftlvlNO 


6/71 

Lo&d C^arrylx^ Capacity of Pilec. Ic is very 
easeatial 10 explore the foundation strata before deciding 
for pile driving aod the safe loads the piles will carry. 
Resistance of a particular soil to pile driving U not always 
the correct indication of its Load carrying capacity^ When 
ground water Levels fluctuate, there may considerable 
variation in the soil resistance espedally in the case of 
permeable soils (sand, gravel) where water from the 
adjacent soils may lubricate the sides of (he pile. Kies 
driven into loose fine sands or silts may Sustain a much 
larger steady load than that indicated by the final set per 
blow. Pine sands with some water wil] show premature 
refusal to driving, sand and ivater both being incompressi¬ 
ble, but after a little rest the piles can be driven further 
when (he materials have adjusted themselves. On the other 
hand, in the case of clays, a pile will show a higher loading 
capacity immediately atler it has been driven, which wiU 
be lowered after a few days when the clay particles have 
been adjusted and set. In some cases clays arc weakened 
by driving piles through them. Piles driven, into clay 
if left overnight, will set up and be diflicult to start. 

Special care and investigation is necessary for piles 
driven through soft sensitive clays, as appreciable settle¬ 
ments may occur wirh driven piles embedded wholly in 
eUys, Ir such cases bored piles may be preferabk: to driven 
piles. Occasionally, piles which give a large 
set tinder the hammer will be found to acquire much 
greater resistance after a few day's rest. Thtreforc, full 
load tests should be carried out for all doubtfuU 
after the piles have been finally driven. The longest 
practicable time should be allowed to ebpse behvecn 
driving and testing to allow the recovery of soil conditions 
Ground the pile. A factor of safety of 3 to 3 is generally 
allowed. Driving to “refusal" or driving so that an exceed* 
ingly small set is Stained should be avoided. 

In the case of concrete piles cast*m-sihi, tests should be 
Carried out by actual loading after a weeks of concreting 
when it has set. 

The load at which pile begins to show settlement 
should be taken- as the uJttmBte strength of the pile. 
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PDe groMO. The load carrying capacity of a group 
of piles b not always a multiple of the capacity of a single 
pile. For group of piles depending mainly on frictional 
rciiatancc in omnive an appreciabl't: reduction in 

tbc bearing capacity should be anticipated. In sods with 
deep depositi of fairly unifom] consistericy and which arc 
compreood by pUes, the computation of pressures should 
be made on the a&umption that the load is ^read uniformly 
at the bottom of the piles for a distance of 0.58 times the 
length of the pile. (In some of the soils the individual 
baring capacity b reduced only to onc-ihird.) As this 
determines the spread of the toad due to the action of the 
piles, the number of piles required and their spacing under 
a specihe load can be fUed. Piles must have at least two 
diameters clear space between them in all directions^ 
Test loads should be applied to groups of at least four 
piles placed at the intended spacing rather than to single 
piles. 

For piles depcfidJiig mainly on end support in non- 
ccdicdve soils, no corresponding reduction in individual 
bearing capacity need lx allowed, while in loose sands 
and m some silts the bearing capaci ty of a group of driven 
piles may be due to the eflect of compaction. The 

bearing capacity cannot be accurately forecast eiccept 
by test loadings on the whole group. 

Testl^ Plica for L»dc> Ordinarily onc-thijd of 
the total pdes on an area should be tested, but not Iqs than 
two piles for the entire site. A suitable platfami should 
be built on top of pile which has been in place for at least 
14 hours after it hu been finally driven. The total test 
load should be twice the profXM working load on the 
pile, (some authoritis recomm^ only times) which 
should be put in about four to da incrementj slarting with 
half the working load. The next load should be put 
sfter about 12 hours when there is no Bettlcmcnt Allow 
final load to remain at least 48 hours after there is no 
settlement and whidi should not exceed o .ooi ft. in 46 houn 
(total net settleubcnt after deducting rebound.) If the 
settlement is more, reduce the load. 
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BvtermlnAdoa of UUliaKte Bearfnf CopAcity. 
The bearing capacity ii mctt accumleJy determine from 
teat Loading. The probable bearing capacity in non- 
oohesive soils (graved Coarse sands and similar deposits) 
may be deduct from one of the dynamic pile fonnulaei 
Many of tliesc formulae aj« very unreliable and should be 
used with caution. The formulae are not applicable to 
systems which provide an enlarged base to the foot of 
the pile. 


Formnlao far Detcrmlnlog $afe Load on PUevi— 

Engineerings News” Formula—Duc to skin Irictkiin; 

For Timber piles: (not driven to ‘‘refusar^) 

_ a W h for piles driven with freely LaUing 

^ ™S-t- t*(J* m ^ ’ ♦ “drop h ampi er, 

_ a Wh ditto, with single-acting steam 

.* *' ‘hammer, 

ah (W+Ap) ditto, with double*acting steam 

S+o.i "“hammer. 

R =sare bearing power of the pile in lbs. with a factor 
of safety of 6j W=^wi. of hammer in lbs.; hi=helght of 
fall of hammer in feet; S-average penetration in incba 
(per blow) in the last tut blows; A^^arca of piston m sq, 
ins.; p= mean cfFcctivc steam pressure in lbs./fq, m, at 
the hammer. 


For driving heavy piles with light hammers the above 
formulaic were found unsatisfactory and further modifica¬ 
tions have been suggested. The modified formula u: 

R ^ ^ ^ p is the weight of die pile, 

S+oTxP/W 

3 hrdfr'f timber piles: R== ”1^ 


R 

R 


Duick Formula for prc-cait concrete piles I 
W*h 

Q(W-fw)s 


4 W»wh 

ji(W+w)» 


{rmdtjkdforjiiuta teidfVy ustd m 
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R=safe bearing resistance of pJlea in tons; VI^ 
weight of haimncr in tons; h=h'rigiit of drop in feet; 
s=.Kt or penetration of piles tn ft, (per blow); w=iweigfit 
of pile in tons; n=U a constant, 4 to 6 for concrete piles, 
6 to B for timber piles. 

Safe loads on isolated single piles or isolated pits 
of piles should be reduced to allow for accidental misplace^ 
ment duiiog driving or inaccurate positioning, 

ftaf*. Xy*>**ta On Pilofl in Tona 
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3 cwt, iuontcey 
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Height oC U1 <]f nudkey in feet 


4 ; 

4 

e 

a ! 

4 

6 

8 

4 

6 

a 

o,»5 

0.50 

0.75 

1.00 
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i.oa 

4.88 
a .40 

t.ati 

9-^4 

3.» 

S-t4 

9.40 

€‘.40 

9-33 

4 57 
4 .^ 

^ 0m 

J 

19.80 

10.67 
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Pile Hammera. These laJl into three main cate¬ 
gories (i) drop htaniniCTs; (li) aLnglc*actmg hammers and 
(hi) double-acting hammers, E)rop hammers may 


be 


(hi) double-acting nammers, ijrop jiaiumcis uiay uc 
used for driving all kinds of piles, but are normally used for 
driving light and steel sheet piling. They arc usually of 
cast iron with a lifting eye and require a leader guide. 
Single-acting hammers are normally steam operated, the 
ram is raised by steam and drops by grat-ity when the steam 
is exhausted. The hartimen are usually a to 4 tons in 
weight and have a stroke up to 5 ft. In the double-acting 
type, the steam raises the ram and also drives it down 
on to the pile. This type of ram delivers more rapid 
blows which for the small siza may be as many as 300 per 
min, if the hammer weighs less than t ton. The double- 
acting hammer can be used without a frame. 

It is dcsirabie that the weight of the hammer should 
be at least half that of the pile. With pre-cast concrete 
piles, the wei^t of the hammer should not be less than 
30 times the weight of i ft, of pile. With a single-aclmg 
or drop hammer, the stroke should be limited to 4 ft. 6 ins, 
or less for reinforced concrete piles. The weight of the 
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hammer should aUo be auffidenl to ensure a final pene* 
tratioiB of not less than j/io in* per blow* It is always 
preferable to employ the heaviest practicable hamincf 
and to limit the drop or stroke, so as not to damage the pile. 

The weight of a hammer for driving short ^concrete 
or wooden piles is about 5 to lO cwti. and for dri^ng big 
and heavy piles it may be about 2 to 3 ioi^» whi^ givo 
about 80 blows per minute through a height of about 3 It. 
When there is any uncertainty about the proper weight o 
a hammer it is advisable to use a heavier rather than a 

lighter hammer. r ti ' 

A comparatively heavy ram with a shortw lah ^ 
found practically to be better than a light ram wi^ a great 
fall, the latter having the tendency to shi^r the pile 
of forcing it down. A heavy ram with small fall la best 
for sand: a light ram with high fall for day. A great 
number of light blows ^ preferable to a sinall number ol 
heavy blows especially in sand. 

Timber FUe* 

Timber piles are extensively used aa they have 
the advantage of flexibility and lightness^ and m 
places they arc cheaper than other materials* 1 nor 
disadvantage h lack of durability in certain condiUoUi. 
Durability depends on the type of wot^i its moisture 
content, and its position* 1 n general, timl^r ptlf 
durable in permanently-wet or permanently-^- positions, 
but not where they are alternatively w^et and dry or where 
the moisture content is widely variable, Tunber piles n 
used below ground level last for a veiy^ long period but 
ordinarily they last not longer than 30 years or ihcreaboutt 
and as such arc usually preferred for tempormy- works 
also for semi-permanent marine structures* Timber piles 
should be impregnated with solignum, creoaote or some 
such preservative. Preservative treatment may not be 
necessary for piles which will be completely and perma- 
uently submerged in water- logged groimd; in this case 
seasoning is not necessary and piles may be stored in water 
prior to use. 

Indian timbers suitable for pUcs are; Teak, Sa^ 
Deodar, Bahool, Khair, Ippi, Jamba, Kumbia^ Rayam. 
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Timber piles should be sound and free from sharp 
crooks and bends or decaiy, and suJbclen.tly straight so that 
a line drawn from the centre of the head to the point at the 
bottom will be wholly withi* ihc pile. 

Timber piles are generally 6 ins. to t6 Ins. (or even 
up to IQ ins.) in diameter or square in section^ Round 
piles are made of tree trunks with bark stripped and square 
piles arc cut from the hcartwood of long logs* Length 
is not greater than 20 times the diameter (or width] at the 
top. They are either made tapering throughout the leng^ 
or the upper half is kept straight and the lower half is 
tapered to about 6 ins. sq. size. The bottom is shaped 
conically for a length of from 1]^ to 2 times the diameter 
or about i ft* 6 ins* and where the ground is hard it Is 
protected with an iron shoe of V shape. Piles protected 
by shoes should have a blunt end 4 to 8 Inches in diameter* 
The topis provided with an iron ring or band of size 3 ins. 
by ^ in. to i in* to protect it from splintering under the 
blows of a hanuner. After driving, the heads of the piles 
sliQuId be cut off square to sound wood and treated with 
preservative before capping. Por lengthening a timber 
pile^ a piece can be added at the top by straps and 
bolts. For increasing frictional resistance, small battens 
can be fixed on the sides lengthwise* 

Usual spacing of timber piles is 2 ft**3 Ins. to 2 ft.-6 ins. 
They should never be driven to ’^refusal''* Piles arc con¬ 
sidered to be sufficiently driven when five blows fail to 
drive more than ^ in. or when the last blow docs not 
sink the head more than J in* Timber piles forming the 
foundation of a building should be cut off below the lowest 
wound-water level. If concrete cap is prmdded, the piles 
^ould be embedded for a depth sufficient to ensure trans¬ 
mission of load. The concrete should be at least 6 ms. 
outside the piles and be suitably reinforced to prevent 
splitting. 

Testing Esdstixtg Tisnber Pilea (in water) for 
Deterioration— » such as under Bridges:— 

If a small bore is made with a carpenter^s auger 
(about I In, ddameter) at the ^imd line where decay 
first sets in, it will disclose rot which is not apparent on the 
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surface. A pointed rod of about the same diameter ihruit 
into the pi*c will also indicate die position. 

Prc'caat Concrete Pile* 

Pre-east concrete piles may be divided into two 
kinds, tapered and parallel sided. They arc usually of 
square, octagonal or hexagonal section as they art easier 
to cast than the round section. Square piles arc most 
commonly used as being easy to mould and convenient 
to drive. Having lar^ superficial a™ tiim ol 

length they have an advantage for friction piles. Hexagonal 
piles are favoured for very hard driving, but shape is 
inoonvenient for m lulding. The usual size is 6 im, 
to 24 ins. but piles have been made up to 36 ms. sire with 
cylindrical holes inside. Hollow piles ^ve advantaga 
where exceptional lengths arc required; (hey provide 
stiffness and large perimeicr with lesser weight than «hd 
pUes. For piles larger than 16 ins. X 16 ms., an octagonal 
section is preferable to a square section. Square piles 
should have chamfered comera- 

The maximum lengths of piles arc usually^ 
la ins. square, 40-50 ft. for 14 ^^ 5 - 
le ins. wuare, and 60-70 ft. for j 8 ms- square It is 
preferable 10 keep the lengths less than 40 limes the side 
for friedon piles and less than ao times the side for bcanng 


piles. Where the piles are considered to act as coiumm, 
the maximum load allowed for conwetc is ^ lbs and for 
steel 0,000 lbs. The stresses should be calculat^ as for 
ordinary columns. To prevent damage to the head of a 
pile, the top edges should be chamfered hberally and 
additional lateral reinforcement prov^ed and kept bact 
from the head about 2 to 3 ins. according to the diameter. 
Concrete piles should be cured for at leas t one month. 
Lifting holes should be made at one-fouxth to 
the lenjrth of the pile from each end and a to^le 
hole 4 ft. from the head at right angles to the Ufting 
hole. One in, diameter gas pipe ferrules may be fixed 
in ihe holes, 

H yiTi for Conert te Pilei- The area of 

the main longitudinal remforcement may be 1 ^ per cent 
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of the gross croS’Sectlonal arira, of the pile for piles of length 
up to thirty times their Least width and ^ per eent for 
lengths 30 to 40 timeSj whirh may be increased to 3 per 
cent for longer lengths. 

One rod la provided at cadi comer in square pUci^ 
and one rod at each angle of octagonal or heaagonal piles. 
All main longitudinal bars should be of the same length 
and level at the top^ and should fit tightly into the pile 
shoe following the taper of the shoe. Joints in longitu¬ 
dinal bars. If unavoidable should be made by butt welding 
or as e?cplained under *‘Lengthening of R.CL pilcs**^ 
Transverse reinforcement should be provided in the form 
of hooks or links of not less than ^ in, diameter, or one- 
quarter the diameter of the main hai^ whichever is greater, 
and the quantity should not be less than 0.4 per cent 
of the gross concreic volume, spaced not more than half 
the Least width of the pile. Ilie links usually are J in. dla. 
up to 40 ft. and f in. dia. above 4ofL and are spaced 2 to 3 
inches for lengths tip to 3 times the side at each end of the 
pile, lengthening to &-0 inches at the centre. 

The cover over all reinforcement, including binding 
wire, should not be less than t| ins. of concrete, but where 
the piles arc exposed to sea water or other corrosive ia- 
iluences, the cover should be nowhere less than a ini. 

Reinforced concrete piles slionld be of 1 
or richer mix., with ivell graded aggregate, of maximum 
size limited to | in., and a slump of about [| ins. 

Point of the Piles. For plastic soils a blunt point 
is suited ranging from no point at all to a diameter at the 
tip of I of the pile diameter and a length equal to t J timd 
of the pile diameier. For sand and gravel or where hard 
strata are to be penetrated, a long tapered poini is desirable; 
the tip may have a diameter ofif and a length of 5 times 
the pile diameter. Points should have cast steel shoes 
where penetrating hard soils. 

Lengthening ILC. Piles, Timber trial piles should 
be driven at various placet over the site to ascertain the 
exact len^fths required for the piles. Should the driven 
piles requrre to be lengthened, the concrete at the heads 
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should be ha^cdofF until the longitudinal rods are cxptised 
for a length of at least 3 ft. Ferrules or sic™ 
tubing or similar piping should be plated at the h«d 5 ^ 
the rods, new lengths bolted on, and joints stilTened by hsh 
bars at least S feet to 5 feet long, and the whole well lac^ 
bv steel wire. Longitudinal bars arc also butt 
the old surface of concrete must be well cleaned and 
brushed, the column shuttering cTCCtcd and the additional 
length cast and allowed to cure for at least 
before further driving is continued. >Vhert steel rods are 
required lo be cut off, it can be done with an acetylene 
torch. 

It is ecncrally advisable to use a hea\y monlcey and a 
low fall for R.C. piles. With a final set of * inch for ro 
blows, a fi^ton monkey with a 1 m.fall or a 30-wt. 
monkey with a drop might be used where the load on 
the piles would not exceed 30 tons. For piles dttigned to 
tarry a load of up to 40 tons with the foregoing final sel^, a 
I \Aon monkey with 2 ft. -6 in. drop, or a 3-ton monkey 
with I ft.-8 in. drop would be suitable. 

Gast-in-aitu piles arc made by driving hollow tubes 
or heavy steel pipe casings and then, withdrawing thenar 
by boring and filling the holes formed with conwete, Ibc 
lube is pbced on lop of a loose cast iron ^irit bclore 
driving mto the ground and is slowly and steadily drawn 
of the ground as concrete h filled in. Piles are also formed 
by driving in a steel shell, leaving it pcraianently there 
and filling it with concrete. The shells should be strong 
enough so that they are not distorted by sod prejaurt 
or the driving of adjacent piles. Such piles can be used 
for lengths up to 70 or So ft. They can a^bc made wnih 
bulb toes giving greater bearing value, ^ere are many 
patented processes for these piles such as, Frauki, Simplex, 
Vihro. 

No driving pUe should be withdraivn until all piles 
within 10 ft. radius have been driven* 

Under normal conditions no reinforcement is necessary 

and where required ills placed in the tube bcftM cont^t* 

ing. Any reinforcement used should be made up m o 
cages suffidendy well wired; the bars should be openly 
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nsRced, and the lateral tics should not be closer than 
6-in. centres. The reinforcement should be expo^ for 
a suffideni distance to permit it to be adequately bonded 
into the pile cap. 

• a piles care should be taken to prevent the 

iMux of^l into the casings during boring. Before placing 
the holes should be inspected by lowering 
a light for any undersirable materials or water. Placing of 
concrete should not be started until all the shells in a group 
have been driven and, in general, until all driving within 
a radius of 15 ft. has been completed. Bored piles unless 
sunk into hard and compact ground should be test loaded. 

Protection mgainat corrosion. Steel shells which 
**^u*u*^ ^.11^*1 concrete should be coated externally 
wth bituminous composition or tar, etc., before they are 
dnwn. In other cases all surfaces should be coated. If 
tar is employed, it should be neutralized with slaked lime. 

Screw Piles. A screw pile consists of a shaft with 
a steel screw blade attached to the lower end. The dia- 
_®f the shaft vanes from 3 Ins. to 10 ins. and the 
blade is 1 ft.-6 ins. to 5 ft. in diameter. When the blade 
IS 5 ft. it is called a Disc-pile, Sometimes there are no blades 
and only the shaft is screwed at the bottom. 



These piles can be screwed down to great depths in 
clay or such soils and aUo penetrate through small oroken 
stona. The base area of screw does most of the weight 
w^ng. These piles are useful where shocks of driving 
other types of piles are injurious to the neighbouring 
structures. They are screwed down by long bars at the 
top by manpower. Not much used now. 

Making Fotindmtiona 
over Pile*. (Capping). The 
pile tops should be extended 
mto foundations of the struc> 
ture for 6 to 9 inches and em¬ 
bedded in concrete, or a space 
6 to 12 inches below the top 
of the piles and i foot outside 
the piles is excavated and con¬ 
crete placed around and above 
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the piles. Sometimes concrete is stripped off from the top 
of the piles for a length of about 2 It. and the rods are 
bent and incorporatcu with those of the caps or footings 
to form a monolithic whole. Steel rods are left protruding 
over the top of a pile to be embedded subsequently m the 
foundations. Isolated stanchions or piers supported by 
fully loaded piles should for the sake of stabUity. preferably 
be supported by groups of not less-than three piles with 
pile-caps designed to transmit the load to each pile. 

Test Piles should be of the same material and di¬ 
mensions as the working piles and driven wlh ^e ^me 
t™ of plant. Whenever possible, test pUes ^uld be 
driven and insuUed near to the borings so that the ^ivmg 
records can be studied in conjunction with the samples and 
the boring records. 

Test piles should ordinarily be not less t^n 20 ft. long 
and during driving necessary observation Aould be made 
to determine the supporting capaaty of the pde** From 
this the number and length of piles for a p^culw load can 
be determined. For a foundation cov^g a Urge area, 
it is well to drive test piles at frequent inter\’als. 


Test that piUs haM been driven to a safe hearing. One of 
the following conditions to be satisfied. 



Weight of 
Monkey 

FaUof 

Monkey 

Penetration with 

last blow (av.) 

Either: 

or 

8 cwti. 

1) CWtl. 

8 c%»ti. 

noft 

U 

inch in 30 blows 
inch in 10 blows 
i inch in 10 blows 


PUe Foondatioiia for Bridges 

PUe load is limited to 50 tons for R.C. pUes and 20 tons 


for timber piles. . 

Spacing of PUes—min. 3 fL-b int. 

Reinfo5»innitlbrR.C.pila iiotl~thM 

Driving hnnuner not le» than the weight of pile. Drop 

of hammer 3ft.to4ft- ... , j.u 

Piles mmt be driven below 1 ^ to » 
less than twice the max. depth at Obser^ High 
ordinarily subject to a min. of to ft. 
above the bed should not be greater than the buned depth. 
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Driring Files 

men Ihc soil Is soft to a great depth the area should 
be enclosed with sheet piling before the mam piles arc 
dnven to consolidate the ground better. Pilos should not be 
more than out of plumb and not more than q ins out 
of placer 

'nictopofa pile must be cut square so that the impact of 

Ihe hammer is distributed uniformly and the pile ts driven 
truly verticaL VVhere a pile has been driven out of alijrn- 
mCTt, forcing pile head back into line should not be permit* 
ted un j^ the ground around the pile {in the direction c£ 
the pull) has been first excavated. 

The pile driving should alwap progre® away from an 
f ^ * * wards 11. I n drivi ng piles close 

to ^d beats, walls or piers, they should be started leMiine 
slightly away to prevent the btcral pressure crowdint 
the points oyer. In the case ofa riv^er, pile driving Is done 
in the direction gomg towards the river bed* 


O^hxanm for Pile H«da. The top of a pile h 
damaged b>Mhe impacts of the blows, iherefore^piles must 
be protected by cushions whilst they arc being driven* 
to absorb the shocks. With steam hammers a suitable 
driving head made of cast iron is provided to lit the top 
of the piJe* A thick packing of felt, bags of sawdusL 
gunny bags, old rags, ropes or such like material, is placed 
oyer the pile head and under a block of hardwood, which it 
plae^ on the top of ihc cast iron driving hood TTie 
i^hion should not normally be more than 3 ins* thick but 
should give enough protection 10 the pile head and should 
not absorb too much of cncTg>' of the blow. Two layers 
of soft wood boarding have also been found to be satis^ 
factory* Where pile heads arc made with the bnjritudi^ 
Ml ban protruding, the driving head should be detigned 
accordingly; a steeUelmet is made to ill on the top oTihe 
pile and sand filled in to Ibrm a cushion. 

Sinking piloa the help of water jet i The 

n sometimes mii^ ficilitated V the use ofa’^ter let 
Itua mans of avoiding very hard driving and vibrations 
in materials such as sand. A small diameter jet pi^ U 
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taken down the side of the pile and the pipe 

up and down if required. Water proiure of atout 5 to 7 

l£.S. in. in sand and 30 to 40 lb#./K^ m. m day is con- 

sidoSl sufficient. A jet tube can als|^ S!? 

and conneaed to the pUe shoe which is provid^ 

holes. At least twojct holes are 

sides of the shoe. The jetting pipes should have an 

diameter of not less than 2 ins. terminaung 

or fishtail of reduced area. 

before compledJig the driving, which should 

finished by ordinary methods. The ground should not, 

however, be very much disturbed. . u m 

For sinking in sand, flooding the surface round the pile 

is quite helpful. 

Rakinc PU««. VerUcal piles have ^e resistance to 
lateral loads if driven sufficiently deep 
Racking pUes are driven to take ^ 

generally in addition to vertical pd«. 
driven to a batter as great as i m ^ Piles on a *"8" 
are difficult to drive and the batter tends 
As far as possible, raking piles should ^ supported during 
driving riS^down to the level at 

ably s5idVo“n<*' Bearing value of rakmg piles is reduced 
by about 1 to 6 per cent. 

Eatracdng Pile*. Pile* c^. be extract^ eithw: 
(a) by a direct pull from a winch in ffie of short ^d 
easily removable piles; (b) by 

on a large grip surrounding the pile; (tf) by , t, ij 

dSuble-Sig Eammer. Tbe piles to be pulled 

be kept lubricated with water to • 

PulUn*g force is calculated from «bc fncuonal resistjmce 

soil, ^fe uplift strength of fricuon P‘1<V” 

gravel is generaUy taken half of the safe beanng load. 

Driving Pile* Without Eng^. VVhere » 
driving engine ‘1* not available, the foliowmg method for 
driving the piles can be adopted: 

Set an iron rod 2 in*, in diameter and 7 to 8 ft. tone, 
about 1 ft. into the centre of the head of each 
parallel to the length. Up and down this » 

worked a wooden monkey about ro mches diameter ana 
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3 ft* long pfovidod fbtir liandlci of | in* iron^ icrcwcd 
by WMcl icrcwi to tlic block under a ins* iron rinn ihrunk 

on at either end, Down the centre of the monkey 15 a at ins, 

hole iQ alJow it to slide freely up and down the guide rod 
T^e monkey is worked up and down by men who stand on a 
pladorm ftucd to the pile. 

- <=rcct a frame-work fsimiiar to a 

trii^al lifting tackle) around the place where a pile b to 
K driven. A pulley Lj fixed over the top and the hammer is 
lied with a rope passing over the pull^ and carried to a 
hand operated winch* A timber inme-wDrk is erected 
round the pile to guide the hammer and the pile and also 
to keep the pile vertical* 


This is quite a slow process and hardly 15 to 20 blows 
can be pven m an hour and only one pile may be driven 
in one day* 


* PiUttg* Sheet piling U used for coffer dams* 

holding up the faces of excavations, for quay walla retaini^ 
river ba^, etc* For retaining walU sheet piling acts aa a 
vcrtieal b«m loaded by the earth pressure behind it. At the 
lower end the piling U supported by the passive resistance 
ofthe earth m front; at the top it generally supported 
a waling and the tie rods, For Wb of limited he ijrfit 
the tic rods may be omitted; the wall then acts as a vertical 
cantilever, the fixing moment being derived from the earth 
resistances in front and behind the wall. Earth pressure 
has bMn explained under “Retaining Walls'', In most 
cases, however, de rods and anchorages are «senttal and 
the piling then spam as a beam between the level of the ties 
and a pomt some distance below the ground level in front 
ot the wall, depending on the nature of the soil. The tic rods 
are normally anchored to mass concrete blocks, m>uos 
of BlHl sheet piles or other appropriate forms of ancho> 
rage located at a suitable dbianee from the the nt 
the retaining wall. ^ 


The ipacing of the tie nids ii generaDy la t» le n 
10 nut number of pile*. In order that full retiwln* 

be obt^ed .1 u to pbee the anchorage «Hlhb 

completely itable »il. Other typea ofauchom^ can be 
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desigtied when site condiiiiGns preclude the use of tic rodi 
of normal length, I n some cases the most suitable type is 
in the form of raking piles. 

Sheet piles arc cither of steel, concrete or timber. Steel 
piles are generally standard]ised or patented and are pro¬ 
vided with longitudinal interlocking joints for water tight¬ 
ness and arc driven with Bupporting guide pil« at internals. 
Concrete piles are with tongue and ^oove joints. Timber 
piles arc generally i o to T2 ft, long;, p ins. to ta ins. wide arid 
3 ins. thick. They arc made of 3 planks of 1 in. thickness and 
bolted together to make a tongue and groove sheetings or 
cut from a single pLank^ and are driven along guide piles 
which arc driven first at intervals of 6 to 10 ft. 

The advantages of steel sheet piling over other forms of 
piling arc that the section of the pile gives greater strength 
for the Same weight and permits them to be driven and 
easily extracted, Steel sheet piling is liable to deteriorate 
owing to the formation of rust. The average rale of corro¬ 
sion per year is considered 0.003 in, in sea-water and 
o 002 in. in fresh w^ater. A protective coaling of tar Or some 
similar anti-corrosivc paint should be applied periodically. 

Safe Loads for Pre*cast Reinforced Concrete Piles 


Srze 

Max. 
lomd UL 
(CDS 

We^bt 

oT pile 
sliDC in 
Lb«. 

Max. 

length 

in A, 

Dia. in iachci of main 

ban for lensih of: 

pile in 
mi. 


, 

30 

40^ 

50' 

60' |70' 

lOX ID 
JSX 
14X14 
i6x 16 
rSx iB 

20—aj 

55-415 

50-55 

65—75 

0o—90 

“5 

30 

4 D 

50 

60 

3 ® 

40 

65 

75 

t 

i 

f 

1 

i 

i 

. 

1 

1 

li 

■1 

1 

■. 

Ik ■! 


Safe Loads in Tons for Timber Piles and Stmts 


Length b ft 

Sixe 

4 ^^ 

6 " 1 


ra" 

15" 

6 

5-3 

13.8 1 

33-5 

61.5 

97-7 

ID 

4.0 

ir .5 i 

20,3 

57.6 

93*5 

2 D 


7-2 

22. D 

45 -d 

79-0 

30 



16.a 

36.2 

64.9 

40 



V - 

39.8 

; 53 6 



1 


23-6 

45.2 
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Reduction Factors for Piles Acting as Columns 


Ratio of Ijr 

Timber 


Steel 

Cast Iroo 


0 

t.oo 


1.00 

»»3 


10 

0.98 

. . 

0.05 

0.04 

8 

90 

0.95 


0.09 

0.80 

■0 M 

30 

0.03 

• . 

o.8l 

0.64 

•S«- 2 * 

40 

0.89 

•• 

0.78 

0.50 






ieo 

n 

90 

0.89 

1.00 


0.39 

69^ 

0.72 

0.61 

0.88 

0.76 

0.S3 

0.82 

0.31 


0.50 

0.41 

0.07 

0.59 

0.57 

0.51 

.. 

li a ® 
‘gii-g 

too 

0.3a 

0.52 

0.46 

* » 

a .9 a 

-- w ca 

110 

0.28 

.. 

0.41 

• • 


120 

0.24 

.. 

0.36 

•• 


130 

0.21 

•• 

0.39 

, , 



The least width and cross-sectional area of a taper 
pile should be based on the dimensions at a point two- 
thirds of its exposed length from the top of the pile, the ex¬ 
posed length being increased as mentioned above if the top 
stratum consists of very soft clay or mud. 

Piles should not generally be loaded above 15 to 20 
tons except for bridges. 

Choice of pile: The choice of the type of pile is 
governed largely by site conditions. Under normal con¬ 
ditions a driven pile is usually employed. But where 
vibrations and noise have to be avoided or where the 
headroom is limited the use of bored cast-in-pbee piles 
is preferable. Either bored or driven cast-in-place piles are 
likely to derive additional carrying capacity when formed 
in soils such as coarse sand or gravel owing to the friction 
developed between the tamped concrete and the surround¬ 
ing soil. 

Spacing of piles depends upon the distribution 
and magnitude of the loads to be carried, the width of the 
p’les, the soil structure and the manner in which the 
pMes transfer their load to the ground. With end 
bearing piles, the minimum spacing should not be less than 
2 ft.-6 in. centre to centre or twice the least width of the 
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piles, whichever is greater, and 3 ft. spacing should be 
aimed at. Friction piles should be not less than 3 A.-6 in. 
or the perimeter of the piles, whichever is greater. For 
heavy piles, the maximum spacing varies from 5 ft. to 7 ft.- 
6 in. In the case of screw piles the spacing should 
not be less than twice the diameter of the screw in soft 
ground but may be slightly less in ground of good bearing 
value. There should be no tendency of the side soil 
rising updue to the driving of adjacent piles which is caused 
b>' driving closely-spaced piles into relatively incomp¬ 
ressible strata, such as clay or dense sand and gravel. 
Spacings may be closer in loose sand or filling. 

Short Bored Piles and Beam Foundations 
On shrinkable clays it may be more economical to 
use short bored piles and beam foundations to support the 
external walls. This system is suitable on sites where 
firm to hard shrinkable clays occur and where such clays 
do not overlie softer clays and peat, the system is not suit¬ 
able for very stony sites. The pile holes are bored to a 
depth of 8 to 12 ft. by an auger. The most suitable hand 
auger is the bucket type post-hole auger. Average 
spacing of the piles is about 8 ft. depending upon the 
locations of doors and windows under which no piles need 
be bored. Piles should be cast immediately after the hole 
has been bored and concrete tipped through a hopper so 
that no soil falls into the hole. Immediately before placing 
the concrete, the bottom of the hole should be well-punned 
and also made dry so as to ensure a firm base. The 
lifts should be about i to 2 ft. deep and each lift should 
be thoroughly compacted before the next is poured. A 
lightly reinforced concrete beam about 12 ins. wide and 
6 ins. deep spans between and is anchored to the piles. 
The bottom of the beam trenches should preferably be 
blinded with ashes or clinker (Design of beams has been 
explained under “Lintels’* in Section 7.) Reinforcing 
rods about 4 ft. long and | in. diameter should be set 2 ft. 
in the head of each comer pile and bent over and cast in 
the beams. 

The load carried by a pile depends on the diameter 
and lengtli of the pile in addition to the type of clay. 
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Sufficient bore-holes should be made to determine the 
nature of the clay and in all cases the depth of the bore 
should be a ft, greater than the anticipated length of the 
pile, with a minimum depth of is ft. 

Load Bearing Capacity of Bord Files 


S trcfigth 
CtanilicailQn 

Dia. of 
pile 

Len^ of pile 


e ft. 

lofL 

13 ft. 

Firm xt ztt. 

lO ins, 

Z tout 

4 ion 

5 loni ' 

5 lolu 

and 

13 ins. 

3 » 

5 .. 

6 rp 

7 in 

jiifTxl Sfu 

t4 Jot. 

4 .. 

6 P. 

7 „ 

8 » 

SthT aifl ft. 

ID in. 

4" wr 

6 

fli fp 

+ ♦ 

and 

tS UM. 

5 ti 

7 

9 1, 


hard at S ft. 

14 in. 


? » 

II pt 

.. 


* 6 ft. piles arc advised only for internal situations 
given adequate shelter by a solid concrete floor or the 
oversile concrete. 


(Based on Building Research Station, Watford, 
England] Digest No, 
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GENER 4 L MASONRY STRUCTURES 
DESIGN & CONSTRUCTION 
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1. PERMISSIBLE LOADS ON MASONRY 
Average for gc^od materials. 

(Safe permissible loads on Ground or 5oD are given in 
Section 6.) 


'Cement concrete 1 

: t : 3 


tons./sq.ft. 

3 ® 

—ditto.— i 

: li : 3 

, a 


3 = 

—ditto.— 1 

: 2 ;4 

, * 


28 

—ditto.— I 

:3 ;6 


, * 

t8 

—ditto.— 1: 

iai :5 

-- « 

. ^ 

*5 

—ditto.— 1 

;4 :e 

* * 


10 

Mass cement concrete 

I : 6 


+ a- 

i 3 

—ditto.^— 

1 ;e 

.. . 

» ■■ 

15 

— ditto. — 

[ : TO 

■ I 

™ A 

to 

—ditto.'— 

1 : 12 


. .. 

5 

Lime concrete 



» IP 

4 

Brickvs'ork in cement 

I =3 



9 

—ditto-— 

t 14 


1 ■ 

8 

—ditto.— 

I : 6 



5 

— ditto. — in lime 

.. 

4 V 

^ - 

4 


■— ditto. — in mud 
—ditto.— Sundried 
—ditto.—country, in lime 
-^itto. ditto, in mud 

Stone masonry, ashlar, in cement 1:3.. 
—ditto. — — ditto. 1:6 

—ditto. — —ditto.— in lime . 

Coursed rubble masonry in cement i 14 
— ditto.— —ditto.” I : S 

—ditto, — in lime 

Random rubble masonry in cement i: 4 
—ditto.— ditto.I * 

— ditto.— in lime 


Si 

1 

3 

4 

16 

8 

7 

to 

4 

8 

4 

3 


Block masonry in 1:3 cement mortar, average 
<TU4hmg strength of block not leas than; 

500 Ibs./sq. in. ai 

1000 „ 6 

3000 „ 

Solid cement concrete block masonry 

in cement 1:3 ». *» rS 
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The above permissible micimiun loads (on viatls) may 
be exceeded up to 20 per cent where auch increased pressure 
is only of a local nature, as at girder bearings, column 
bases, lintels or other concentration of loads, and should 
be calculated as uniformly distributed pressures under the 
contact area. For occasional loads such as wind and 
earthquakes, the allowable stress may be increased by 335 
per cent. In eccentric loadings, the compressive stress 
may be increased by 25 per cent but there should be no 
tension (as far as practicable) in the mssoniy* 

Permissible stresses in shear and tensile should be 
^en at not more than one-tenth of the allowable stresses 
in Compression. The following safe working stresses in 
tension have been rccomiriended by I.R.C^t — 

tons./sq. ft. 


tst class dressed stone or cement concrete 
block masonary in cement mortar 1:3 »* 

—ditto.— Its 0.65 

ist class brick masonry in cement mortar 1:3 1, 30 

—ditto.— in lime mortar i :a 0*65 

Lame concrete masonry with stone metal and 
hydraulic lime mortar, 0.65 


a, DAMP-PROOFING AND WATER-PROOFING 

Dampness in buildings is generally due to bad design, 
faulty construction and poor material used. Structures 
built on high ground and well drained soil are far les 
liable to suffer from foundation dampness than those 
built on low.^lying water-logged areas where a sub-aotl of 
clay or peat is commonly found through which dampness 
will inevitably rise unless properly treated. A sub-soil 
through which water can easily pass such as firm grave!, 
sandy soil or a soil containing light clay, will usually 
keep the foundations fairly dry. 

Treatment of Fonndatioaa on Bad Soils, Where the 
sub-soil water is not properly drained fin clay or peat sollV 
the structure should be disconnected from the face of the 
ground excavation and a trench made all round for a 
width of about a ft. taken down to a paint at leatt as 
low as the undeixide of the concrete footings. The bed 


PESION OF IfASOKBY STRUCTUHES 


7/5 


of the trench should be provided wiiJi a good slope at 
each ctid and the trench filled vdth coke, gravel, or stone, 
graded with fines to fill the voids* An open jointed land 
drain may be laid at the bottom to collect and drain out 
the sub“Soii water* A water-proof coat should be given 
outside the structure foundations [on the external face of 
the walls) and continued through the thickness of the walls 
(under the walls over the foundatiDn concrete) and under 
the floor* A 3'in* layer of water-proofed cement conCTCte 
can be laid all around. Dampness can also sometiincs 
be reduced by leaving out an air gap around the 
external wall of the foundations. 

Where sub-soil drainage has been ignored and neccs^ 
sary precautions have not been taken, water will stand 
about in the foundations, and the warmth of the intcrlOT 
of the building acting through porous concrete floors vrtll 
set up suction of moisture which will eventually give rise 
to dampness in the floors and the walb* Where the sub¬ 
soil water is near the ground surface and cannot be lowered 
by underground drainage owing to the flatness of the ground 
Or any other reasons, the level of the floors ot the buildings 
should be kept sufficiently high* It is considered that the 
height of the plinth should be kept at least 6 to 8 ft, minus 
the difference of level betw-ecn the ground level and the 
,ySiib“Soil w^ ter-table IcvtL 

Damp-proof Course, One of the following speci¬ 
fications may be adopted for a damp-proof course, accord* 
ing to the type of the construction and the nature of the 
ground:— 

(i) Two courses of dense bricks in i : 3 cement 
mortar. Bricks should have a water absorption of 
not more than 4. ^ per cent. 11 is advantageous 10 leave 
the vertical joints unfilled as moisture rises through the 
mortar joints. 

(fi) A of well burnt bricks soaked in hot tar and 
pitch will sun for cheap class buildings* . , -j 

(I'fi) Non-porous stone slabs about 12 ins, thick laid 
for the full width of the walb over a bed of cement mortar* 

(tff) Two layers of non-porous slates laid to break 
joint, each layer being bedded and set solidly in cement 
mortar 1 13. 
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_ (e) 1-in* terncnt plaster t is with some watcr-propf- 

ing cDinpound laid atove the plinth masonry with one or 
two thick coats of hot coal tar applied over the mortar 
aTtcr the mortar has fully dried. Dry sharp sand should 
be sprinkled o\'er the hot tar. Five per cent of Pud La 
by weight of cement can be used for water-proofinir the 
mortar* 

(d) li to 2 ins. cement concrete 1:2:4^ Two coats 
of Maxph.iltc or hot coal tar should be applied over the 
cement concrete when the concrete has been fully cured 
and dried* A coat of 7 asphalt mixed with 3 parts of clean 
sharp Sand may be laid J In. thick over the concrete* A 
layer of tough asphalt about |ln* thick Is often used instead 
of hot asphalt. Mastic asphalt in one or two layers is 
generally considered best uhere hydraulic pressure is en¬ 
countered* The asphalt used should not melt or soften 
in the hottest days and should not get squeezed out due to 
pressure of the masonry owr it. 

The damp -proof course should be laid flush with 
the floor surface and should not be carried across doorways 
or other openings* The upper layer of cement concrete 
floors should be continued over such openings and should 
be laid at the same time as the floors* The asphalt or 
tar layer should be laid under the concrete at the opening* 
"Where concrete is laid on bitumen or tar, the surface of 
the bitumen or tar must be sprinkled with dry sand. 

The position of the damp-proof course is also an 
Important lacior and it should be laid at such a height 
that it is above the normal level to which water splashes 
from the ground when it h raining* A damp-proof course 
should not be less than 6 ins, above the highest level of the 
ground. In Northern India plinths are usually kept 1 i 
to 2 ft* above ground level for good class buildings under 
n orjniiaLcoridhions* 

Treatment of Floors* 'fhe floors should be filled 
with some dry filling. A hard-core filling of stones with 
smaller stones to fill in voids is quite suitable. The fill¬ 
ing should be well rammed but not unduly consolidat^. 
It is considered that a thin layer of cinders and ccaal lar 
well rammed under a died floor prevents the rise of damp 
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and ’“talar” or efflorescence* A fiHing of 3 ms* to 6 ins. of 
dry coarse sand under the Qoor mason^' U usually sped- 
fied, but this is suitable for dry Jocations only* VVTicrt 
there is possibility of moisture penetrating the floor, it will 
be necessary to lay a liquid.-proof tnembrane before a con¬ 
crete floor is laid. Porous concrete attracts moisture Grom 
ivet soil. Even dense cement concrete mixed with water¬ 
proofing compound is not a complete bairler to moisture j 
the passage of water as liquid may be prevented, but 
moisture can sttU reach the top of the concrete as vapom 
and condense there if an impciAdous finbh centers ihc 
surface* 

Treatment of Walls. Rain can penetrate through 
solid brirk walls as there is a limit to the amount of rain 
that a wall can keep out, moisture is conveyed from^ the 
exterior to the interior due to the porosity of die bricks* 
More rapid penetration is through the mortar joints, and 
an eflicient pointing on the exterior will greatly rrtist the 
passage of water. The simple flush pointing will offer 
good protection. Sometimes the soffits of all horizontal 
Courses arc slightly throated. Cavity walls affbrd sound 
protection and ensure a dry interior even if porous malcrial 
IS used for outside* The application of a porous rendering 
on the external surface will do much to prevent direct 
penetration. 

A porous flnish will absorb wiatcx in ivct weather and 
will permit free evaporation when the weather improves* 
A dense impeiAdous rendering is less eflicient than a porous 
one as it wall more effectively prevent molstrire drying out 
rather than prevent it getting in, and is also more lia^ble 
to crack* A porous rendering is less liable to crack and will 
not cause the entrapment of cnoislurc within the wnll. 
An external treatment unless it is porous will also be liable 
to aggravate dampness if it is due to rising ground moisture, 
indirect penetration of rain or due to deliquescent salts* 
A mortar of cement: lime: sand in the proportions of i \2 :9 
or 1 :i :6 is usually recommended. 

Basements* To ensure dryness ibc whole of the 
structure below ground level ^ould be provided with a 
continuous membrane of asphalt supported on the inside. 
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Other trcatmcnls described above under ‘‘Foundations*" 
Will abo be essential. 

C^nde^ation. Dampness due to condensation can 
oltcn be identified by drops of moisture clinging to the 
whole area of the walls, celling and floor which is difTercnt 
trom Ae damp patches that result from rain penetration 
or rising ground moisture. Condensation is also 
encouraged by dcliquescciu salts or saline material present 
^ the mortar which attract moisture from the air. Con* 
den^tion usually occurs in new structures and is dried up 
as the rooms are heated. Condensation can be detected 
by leaving a piece of flat marble Sn the alTected room for 
about 24 hours when drops of moisture will also be found 
on the marble pieces this is condensation of moisture 
suspended m a warm atmosphere on cold non-abaorptive 

□lCCSj. 



^ Emorescence. Where soluble salts arc present in 
excessive <juantitles in the bricks or the mortar they 
absorb moisture cither from the air or during construc¬ 
tion and are brought to the surface in solution and de¬ 
posited m concentrated patches either as a ivhitc powder 
or as translucent crystals, as the moisture dries out This 
crystalline growth either flakes off or b reduced to a 
poivder which can be brushed off. Attempts to seal back 
efflorescence are not usually successful and it is advisable 
to allow the efflorescence to expand itself as the ^vall dries 
before attempting any treatment at rendering or white¬ 
washing the walk. 

Soluble sails can be removed by repealed washines 
mth water and brushing the face of the masonry. Salts 
from small patches can be extracted by trowelling on the 
surface a layer of slaked lime about ^ in. thick which k 
m^c up as a stiff paite. This is left in place until drv 
and then removed, and wall brushed down. 

Salts from brickwork can also be removed with a solu¬ 
tion of 2inc sulphate and water. The surface k brushed 
off when dry. A solution of i pan hydrochloric or sub 
phunc acid and 5 pans water is applied vigorously with 
scrubbing hriuhes, water being constandy sprayed on the 
wort with a hose to prevent the penetration of the acid 
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This will rtmovt ubitt or yellow blotches from Boors or 
walb due to efflorescence. 

Cleaning of external brick walb after completion of 
the building can be done with a 5 per cent solution of 
muriatic acid. The walb must be thoroughly washed with 
copious flow of dean water both before and after the 
application of the solution. 

The soil used for the preparatiou of mud mortar, and 
the water used in the consiruclion should be free from 
harmful salts. Concrete made of cement, sur^hit sand and 
brick ballast and mortar of cement, surkfii and sand for 
laying bricks is suggested to be used for all foundations 
in effected areas. The surUii to be made from slightly 
under-burnt bricks and finely powered, mixed about 15 
to 20 per cent of cemenu 

A mortar can be made as follows which b waterproof 
and will also be useful in prev'cniing efl^oresccnce:— 

I part cement; 2 parts sand to which is added } lb. 
pulverized alum for each cubic foot of sand. Mix all the 
three dry and then add the proper quantity of water in 
which has been dissolved I lb, soft soap per gallon of watcTj 
and thoroughly mixed. This mortar is applied as plaster. 

Roof!*, The presence of moss, vegetation or other 
growth on roofs is a direct evidence of a porous roofing 
material in which W'ater will collect and will not be drain¬ 
ed off. Overhanging trees svill keep the roof wet and 
their fallen leaves will block the downpipcs. Cracked 
roofing tiles and broken pointing arc common causes of 
leakage. Cement grout poured into die joints and cracks 
is verj^ helpful. InsuiBcient lap of tiles or roofrng sheets 
usually cause penetration of rain. Insufflcient roof slopes 
or flat pitches which arc too slow to drain off the rain-water 
quickly arc also one of the main causes of Icaka^. (Water¬ 
proofing of Roofs has been described in detail in the Section 
on *^Roofs'\) 

Rainwater Down Pipes, it is unporLant to provide 
sufficient numbex of dovmpipes and of adequate size 
as recommended in the section on “Roofs”,^ and it is more 
important to sec quite often that they arc not choked up; 
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All vertical pi]3tt should be fixed to stand well clear of thr 
walls so tfiat if any cracks develop m the pipes or there is 
leaka^ in the joints, the walls wiJl suffer little damage. 
Tops of the dowjipipcs should be vcryc arefuliy and properly 
fixw with the roof outlets and which should be of sufflcicui 
size so that there is no overflowing of the rain water or 
leaha^ through the walls. The bottom end (shoe) of 
ihe pipes should be so arranged that the water is not 
thrown back on the walls. 

Chimiiey Stacks, Defective or poorly executed 
junctions of chimney stacks and roofs are a very common 
cause of leakage in sloping roofs. A sufficient “tuck’^ 
of lead flashings into the chimney brickwork should be 
provided wiih cement fillets where necessary. A damp- 
proof course should be provided across a chimney stack 
at an oaves and this will check downward penetration of 
the dampness through the stack. 

Copings eo Parapets, The top of every wall not 
protected from the weather by a rtxif or over-hanging 
eaves should be so built as to prevent the penetration of 
rain through the wall. Drop courses should be provided 
as expbint^ under "Limels and Sills". The top can be 
finish^ ^sith one course of hard, W'cll-burnt bricks set on 
edge in cement mortar over two courses of slates or dense 
tiles projecting over the wall. 

LlnteU and SilLs. All soflits or undersides of Itntcls 
and sills should be throated. The mere drafting of a 
line does not consdiute a throating; there should be a 
deep and w'idc chase cut in the soffit which should be 
returned at the ends of the sill. The lop of a window 
^ll should be sloped outwards and weather-bar or w^atCT' 
bar (of metal) should be fitted bcEween the stone sill and the 
wood sill (or window Frame) which will slop the passage 
of water passing between the sill and the wood frame. * 

Wxxkdowf, Shrinkage of unseasoned w-ood and im¬ 
portance of p^perly designed window frames should not 
be Ignored. Frames should be so rebated, and which 
should be deep enough, as to exclude the weather and 
afford good protection. Double rebated frames are 
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better in severe weather conditions. Windows opening; 
Outside are preferable . A **hood** of simple form with 
groove to serve as throating^ can be fixed on the head of 
the window frame. Where the windows open inside} the 
kuier sill should be made to slope outwards and a smalt 
hole kept in the oentre passing under the window frame 
through which any water that has peneiraied inside the 
window can flow^ out. 

In districts liable to hea\'y' storms it would be advisable 
to provide hoods over all windoiv and door openings instead 
or ample sun-shades. 

' CanseS) Prevention and Remedial Measures 
of Dampness in Old Structures 

Walls. Before applying any remedial measures to- 
a damp wall a very important fact should be borne in mind 
that there should be a free escape for any w'ater that has 
already entered the walk A water-proofing treatment 
tan be applied externally or internally^ There 
are manv w^ater-proofing commercial products 
in the market such as cement paints^ bitumen and tar 
paints, oils . Silica solution ts transparent and very effec¬ 
tive in resisting dampness. Inierdaf treatment of affected 
walls would consist of removing the old piaster, applying 
a slurry coat of neat cement with a water-proofing com^ 
pound and then cement rendering with a dense mortar 
of I :a with an integral water-proofer added. Another 
internal treatment for damp walls U the application of an 
impervious coating of some material or a coating of bitU" 
men or tar followed by blinding with sand and plastering. 
If the body of the wall and any external covering is in parous 
material the internal ireatment will be efTcedve. Where 
evaporation from the outer surface is likely to be difficult, 
with internal treatment the wall still remains wet and damp- 
ncK may spread to the other parts or rise to a greater 
height as more water is absorbed by the wall, and little 
benefit can be expected from internal treatment. 

The follovring methods are also used for preventing 
dampness in walls: 

fa) Two parts by Weight of coal tar^ and one part by 
weight of pitch are put in a vessel and heated and stirred 
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until the muctuTC is suffidendy liquid^ ^nd which h then 
^applied on waJb. This has been found to keep out damp 
very well. (Bombay P.W^Dh. Specifiations)^ 

(i) The damp plaster may be varnished over with a 
solution of 4. oz. shellac dissolved m i quart of nephUia. 
This almost immediately hardens. It is preferable to re¬ 
move the damp plaster and let the walls dry. 

(f) Spray or paint the walls with a solution of sodium 
silicate (water followed by a solution of calcium 

chloride, which forms an insoluble silicate. 

Another way of preventing internal dampness is by 
lining the waUs with vmoden boards or lathing which 
arc battened out of direct contact wdih the walls. 

If dampness is confined to one position near ground 
floor lev^el above the damp-proof course, it may be due to 
a hole or crack in the damp -proof course through ivhich 
moisture can pass into the wall above. Dampness below 
ground level may be due to lack of sub-soil drainage, 
absent of or poor vertical damp-proof course^ or leaking 
drains. 

In the ease of floors, remove the top concrete and damp 
filling for a depth of about la jns, under the floor and 
refill it with hard-core or some dry material. A water¬ 
proof cement colour or a simple cement w^ash with some 
watcr-proofer added may also prove hcneficjal. 

Cement Paints have been described in detail in Sec¬ 
tion 12. Cement paints should not in general be applied 
to non-porous surfaces because adhesion is frequently poor. 
On suitable baclu^iinds, cement paints provide a hard 
matt water-proof surface of high duraoUily, Normal 
oU paint should not be applied unless the wall is thoroughly 
dry. 

3, design of walls, pie^ and columns 

Explanaiicn ^ Terms * — ^ 

[jxid-bt^ng wait A vrall dteigned to carry a super¬ 
imposed load. The thickness of a load-bearing wall should 
be suflident at all points to keep the stresses due to dead, 
live and other loads, for which the structure is designed' 
within the prescribed limits. * 
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Column An isolated vertical load bearing member, 
one of whose horizontal surface dimensions, whilst not less 
than the other horizontal surface dimension, b not mort 
than four times as great. (B.S.—C.P. ixi) 

(Both the terms-Column and Pier, are very loosely used.} 

Pur. A member, similar to a column except that it 
is bonded into load bearing walls at the sides and extends 
Co full height the wall. Piers are usually in the form of 
thickened sections of a wall placed at intervals along the 
wall, to take concentrated vertical loads or to stiffen the 
wall so that it can ca^ additional load or resist lateral 
pressure ^thout buckling The thickness of a pier is the 
overall thickness including the thickness of the w all 

^ Buttress. A member similar to a pier except that it 
is intended to provide lateral support only. It need not 
w<md to the full height of the wall. (It is in fact a pro¬ 
jection of masonry built into the front of the wall to 
strengthen it for lateral stability against thriut from an 
xrch, roof or wind pressure.) 

Lateral npport. Means simport which will restrict 
njovement in the direction of the thickness of the wall 
or thickness or width of a pier or column. For design pur¬ 
poses, lateral support is considered as from floors, beams or 
roofs for the height, and from intersecting waUs, piers or 
buttresses for the length. Concrete slabs bearing on walls 
are considered as sufficient anchorage for the supporting 
walb. For small houses the stiffening effects of partitions 
arc such that the special anchoring of floors to walb b 
unnecessary. Unrestrained b without lateral support. 

_ Slenderness Ratio for walb: Is the ratio of the effective 
(o*” die effective length if thb be less) to the effective 
thicknra. For columns with lateral support at the top, it b 
the ratio of the effective height to the horizontal dimensioD 
of the column lying in the direction of the lateral su|:^>arL 
For columns without lateral support at the top, it u the 
corresponding effective height divided by the least horizon¬ 
tal surface dimensions. 

Redaction Factors for Slenderness Rado 

The permissible compressive stress for load bea ring 
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♦■II colunint or wall* tlioiild be multipUed by the foUowirig 
btcttm:; {B.S.—C*P» in) 
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Hfighi. Is the height considered Tor deigning 
thickness of a or oolujnn, and for (he detcnninatiOD 
of it* dendemoi ratio. The effective heights are taken as 
fallows; 

(i) For waUi without lateral support at top—ij actual 

height. , -L 

(a) For walls with lateral support at top —f storey height, 
(m) For columns without lateral support at top—a actual 

(«) Fer^Uunna with btcral support at tcqi—actual height 
between lateral supports. 

Hnehi of Walls* The height of a wall is measured firom 
top of the plinth (base of the wall) to the highest part of 
the wall {cjtcludiug any parawt), in the cm ^ gable 
to half the height of the gable St^ h^t is ^e 
height between lateral supports, i.*. from the tmdcrsKJe 
of a floor structure to the underside of a floor structure of 
die storey next above. 


E/ffctivf of a wall a the length measured bctwcco 
the ^tre lines of two adajeent piers, buttresses or inter- 
iceting walls. The intersecting or return walls mmt be 
of at least two-third thidmcsi of the wall under racaaorc- 
mentj and well bonded into it. 

The load bearing capaci^ of a wall i* dc^ndent upon 
the'crushing strength of the individual units (bricks, stones 
or blocks) the grade of the mortar used and the bond^ 
■nd the sJcnderncs ratio of the wall or columu berween 
cffcciive lateral restraints. Crushing strength of brick 
masonry is only about ^rd to Ith (or even less) of the cnah- 
mg strength of a single brick. 
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In walls there is less possibility of hucklmg thaLn in an 
^olated cotumn. In circular walls resistance to buckling 
IS greatly mareased, but where the diameter is more than 
to times the thickness of the wall, it should be taken as 
a straight wall. For circular walls, sec under ^'Stceninie 
of Wells** in Section 15. 

Thidencaa of WmUl Thickness of brick walls should 
be deterrruned for all but small buildings according to 
JwJl-cstabJished rules on the basis of the strength of the 
bne^ and mortar and the ratio of the thickness to the 
height and length of the wall, which will effect economy, 
r Or small buildings of onp or two storeys, ihc thickness 
IS often decided on the basi^ of its effective protection 
from the weather which gives a wall of strength many 
nmea greater than that required to cany the loads^ 

'^c B.S. C^e of Fractice CP iti specifics that the 
wendemess ratio should not usually exceed 10 for waUs 
buut in ctmcni mortar. For dwellings of not more t han 
two storeys or for reinforced walls, this value may be in- 
cireaacd to 24. When a lime mortar is used the ratio 
should never exceed 12, 


WsJJi with roofii, built m 
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H is height of walk 

For dwellings of not more than two storeys, the thick- 

™ be taken H/33 for works built in 

cement mortar i 

aWe values may be taken for unbraced lengths 
if greater loigths, the thufiess 

be increased by ^ brick foe cement walls, # brfc 
for lime walls, and by t brick for mud waUi, tt ii how- 
economical to make up the minimum sdpula- 
t(^d tluckuesa by the addition of pfexa or butter™* « «. 
pbnncd under "PaneUed Walla." wr™* as ex 
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High isolated walls shoixld be tested 
for wind pressure. 

The illustradoD shows thickness of a 
k)ad-bearing wall for different storey 
beighes of a dwelling in lime mortar or 
1:6 cement mortar. (Cement mortar, 
even i :8, is stronger than lime mortar). 
Top storey wall should he built in cement 
if the he^ht exceeds 35 ft. or made 
■ 3^ ins. thick. 

For walls built in stone, the saune 
thickness may be taken for ashlar masonry 
but it should be one-third greater for 
rubble and one-fifth greater for coursed 
rubble masonry. 

Walls of ware-houses or public build¬ 
ings should be thicker by 4^ ifu. and no 
vrall should be less than 13I ins., and 
work built in cement mortal (at least 
I :€) except when the height doe* not 
exceed 3 storeys when it may be in lime. 

Basement *>*<1 foundation walls should 
be 4I ins. thicker than the wall t h ic kne ss 
at ground level. Check basement sralls 
for earth pressure. 



tAU. fflKXflM 

rot omtiwcs 


The thickness of walls determined by the above methods 
should be checked for the maximum permissible 
loads on the masonry imder the superimposed loads on 
the wall. 

Too many openings in a wall weaken its stabihty. 


For recesses in walls (for racks or almirahs, etc., the 
wall at the back of the recess sho*ild be not less than 9 tns. 
thick. The aggregate width of all recesses and openings 
(brm^ at any one level shall not exceed two-thirds of the 
length of the wall at that level. 

Ec cen tr i c Loadincs on walla and wall platca- If 
a wall carries a floor, deflection of the floor tends to con¬ 
centrate the load on the inner edge of the wall; this effect 
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will be greater for a relatively flexible floomig system 
such BJ ^e ordinary timber floor than for a xdjfer floor 
of reinforced concrete. Such ecccnliidty of loading 
has a very marked efiect on the strength of the bnekwork 
and should be avoided as far as possible. To transmit 
load from a sloping or battened roof, the wall pla te should 
be fixed centrally on the top of the walL It is not 
graerally desirable that wall plates for supporting floor 
joiiti should be buUt into a walk 

Gro» walla. The thickness of cross^walls should be 
at least two-thirds of die thickness of external walls, sub- 
jeet to a minimum of 5 ins. Where, however, the ex- 
trma] wall is not more than 30 ft. high and 35 Fl in length, 
the cro«3-wa!] niay be buili 4^ ins, in cement mortar where 
it does not support any load. 

Bonding of Gro&s Walls and Floors, When the 
courses of two load-bearing cross walls are bulk up together, 
the interactions should be bonded by laying in a true 
bond at least 50 per cent of the units at the mtersecijons. 
Where the cross walls are built separately, the perpendicu¬ 
lar joint should be regularly toothed, and in all impor¬ 
tant buildings, joints provided with metal anchors having 
a minimum section of 11 in. by | in, with ends bent up 
at Least a in,, or with crosspins to form anchorage. Such 
anchors should be at least 2 ft, long and the maximum 
spacing should be 4 fl. These arrangements of bonding 
should be carried up to the ground so that the cross walls 
or pitra develop the full strength for lateral support to ihc 
main wall. 


For walls carrying timber floors in mnld-storey flats, 
metal anchor straps ^ould be used at 4 to 6 k- intervals 
for tying the wall to the floor to have greater sti^euing 
effect* This is not necessary for small houses. 

Cavity Walls or Hollow Walla. A cavity wall is 
a wall built of bricks or blocks so arranged as to provide 
an air space wiThin the wall the two leaves bring drd 
together at intervals by metal or other tics. Such a wall 
can be made ff) of hollow blocks and bid aj ordinary 
brickwork; (ft) with common bricks laid on edge as 
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ttrcichcis and headers in each course breaking joint. 
The cavatics are not continuous. The mwt comnson 
method is oF making two leavo of 4) jns. thickness each 
with a 9 -in. or 2j-m, cavity. The width of the ca^vity 
should not be less than 2 ins, and not more than 3 Ins. 

ins. max.)* leaf of a cavity wall should be not 

fess than 3 iru. thick. The two leaves arc securely tied 
together by cranked galvanized wrought iron wall 
ties, I in. by 9/jt in, with ends split and fish tailed, 
spaced not more than 3 ft. apart horizontally and tB ins. 
apart vertically and stagge^, the tics arc built into 
horizontal bed joints during erection. Cavity walls should 
not be built more than 35 height and 30 ft. in 

length* where longer lengths or heights are desired* the 
Walls should be divided into panels. 

An 11-In. cavity wall is better than a ®*lid wall in 
heat insulation and is very much better in its resistance 
to rain penetration, but from structural point of view the 
construction is not so sound as a solid wall and is much 
more expensive too. Walls may be filled in with light 
weight or porous concrete instead of keeping a cavity. 
For the purpose of calculating " slenderness ratio” of 
a cavity wall, the effective thickness is taken equal to 
I of the aggregate thickness of both leaves. Roed loads 
^ould be distributed on both the Leaves. 

Hoaeyeomb Brickwoirk, All bricks should have a 
bearing of not less than i in, in the case of half-brick thick 
work and | in. in the case of onc-hrick thick work. One- 
brick thick work should be of full bricks throughout laid 
u headers* and half-brick thick work should be laid as 
stretchers. 

Panelled WaQa-^GMBtdaatiorn of WaHa and Picrat 

When picis arc used to stiffen a wall* the increased strength 
of the waU to carry vertical loading is not accurately known. 
The efieedve thickness of a wall stiffened by piers poperly 
bonded thereto at regular intervals is estimated on the 
basis of the following table; — [based on the recommend-^ 
attonsin B.S.—C-P. m*) 
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Effective TUclcDeeB of a Wall Stiffened by Piers 


Ratio: 

Thickaca of pier 

Ratio: 

net sparing eJe 

tfewUtk 


ThickzkOi of waB 

6 or lea 

8 

10 

*5 

90 or more 

1.0 

1.0 

t.o 

t.o 

1.0 

t.o 

*•5 

t.a 

1.15 

i.i 

1.05 

1.0 

e.o 

*•4 

*•3 

i.a 

I.I 

t.o 

*•5 

*•7 

*•5 

i-S 

1.15 

t.o 

_ 

s.o 


-id. 

i.e 

1.0 


**Th‘^J^***^ of pier” means the horizontal dimension 
DAeasured at right-angles to the wall and lo as to include 
the thickness of that wall. 


The effective thiclutess of a wall is the thickness of the 
1^11 between die piers, mutliplied by the appropriate 
factor specified in the table for the respective ratios. 

In the case^ of a vrall stiffened by intersecting walls, 
the effective thickness may be determined from the table 
on the sumption that the intersecting walls arc equiva- 
iCTt to piers of width equal to the thickness of the intersec¬ 
ting walb, and of thickness equal to three times the thick¬ 
ness of the stiffened wall. 

Where a wall is required to be more than 9 inches 
thick according to the rules prescribed before, the additional 
thickness may be confined to piers uniformly dbtributed 
throughout its length provided the following rules arc 
latbfied, and the height of the wrall does not exceed 25 
ft., and the height and length docs not exceed 18 Hnr >CT 
the thickness:— 

(a) The thickness of the wrall between the piers a 
not less than one-half of the required thickness and (b) 
the collective wridth of the piers amounts to one-quarter 
of the length of the wrall. The maximum dbtance a pa rt 
of piers may be six times their wridth. ‘‘Width of pier” 
means the horizontal dimension measured parallel to the 
length of the %%rall. 

Where a load-bearing pier is bonded into a wall, wfaoae 
thickness u at least two-thirds of the horizontal dimensioD 
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of that pier, measxired at right angles to the length of 
the wall and so as to include the thickness of that vrall, 
that pier and the portion of the wall to which it is bonded, 
may together be deemed to be a wall. Also see under 
**Counteribrts and Buttresses*'. 

A chimney nuiy be reckoned as a pier if the area of 
the extra solid materiab satisfies the conditioM of a pier, 
and the thickness of the back is not less than 9 io** 

Non-bearing panelled walls are usually made of the 
following dimensions: 


(а) bd* should not be less 
than V X (d—t)* or (I^) X a*. 

(б) L should not be more 
than 15 t for work in lime 
mortar and not more than so t 
for work in cement noortar 1 

(e) d not to exceed b. 

b not to be less than L/6. 


WVI 

a 


rr~v222zzszziza —^ 

“5 - 1 -^ 

I—3r 


Stresses at the bottom of panelled walls or retai n i n g 
walls with counterforts;— 

Considering one bay of length L: 

(a) With equal projections on both sides of the wall: 
Work out moment 01 inertia of the bay (wall L* plus one 
prelection of length b) about its neutr^ axis which will be 
m the centre. Section modulus will be 


{bxd*)4-(L'xt») 

63 

(b) When the projection u only on one side of the wall 
(it snould be on the leeward side for boundary walls and on 
the pressure side for retaining walls), neutral axis of the 

wi^ is: 

b xd X jd+L* XtX (d—|t) _say from the pro- 

bx3+L' Xt . “jection edge. 

Moment of inertia b worked out about the nwtraJ axb 
of the bay, of bd portion plus L't portion which b—I. 
There will be two seedtm modulii Z, one for tension and 
the other for compression. 
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Zc» ^ —for coin]>re 3 uon oa the leeward tide, 

Zl* -j— —(or t en tioo on the windward aide. 

This is for walls where the projection b on the leeward 
tide. From these values the stresses can be worked out as 
usual, viz.f max. comp. 



All isolated walb should be checked for wind prevure. 

Masonry Columns 

The height of a column in brickwork above any hori- 
ZOTtal mtion should not exceed lo to 12 times the least 
dimension of that section for svorks in lime and 20 times 
for works in cement 1 *4, (Thb does not apply to bridges.) 
Reduction (actors for slenderness ratio (or load bearing 
colu mn s should be considered as explained before. 

LATERAL STABILITY OF WALLS 
Gaatrs of Prcssnrei 

For the tubi» 

Uty of masonry 
structures there 
should be no 
tension produced 
ccentric 
loads, wind pres¬ 
sure or inclined 
thrusts (from 
arches, etc.). To avoid tension the resulunt force or the 
line of pressure must lie within middle-third of the crom 
section at the base of rectangular sections and middle- 
quarter of circular sections. When the resulunt fMlIt at 
the edge of the middle-third, the (actor of safety against 
overturning b between 2 and 3, and when b (alls mthin 
middle-quarter, the (actor of safety b 4. 
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e.f. 



Wind pr€«urc b the principal force tendi ng to db- 
torb the rtability of boUted %ralb. Grcatat itren pro¬ 
duced b at the bottom of a wall where the wind the 

Hcatest turning moment; if the thicknemn vanaMe, the 
kmest point at each change of section should be consid^. 
Locate the point where the resultant of all the ww^enM 
on the walTrots the base. This will fix the thickness rf 
die wall Example:— 

Equating the rcriiting _ 
moment of the ^wall to the y 
moment due to wind pressure; 

p*wind pressure per sq. ft. 

v^MVveight of the wall pw cat. __ • 

|dus any load ^ i 
Resisting moment of the h 
wall—weight of the %rall per J 

unit length X distance firom the li. _ 

point where the centre of lust-thi 
gravity (c.g.) of the wall 

wiU cut the hue. to the edge (Ootymm 

divided into separate blocks and each block tested for 
« rio^ent .mit Taking nK.c«nt. .bout 
B: (considering one ft. length of wall) 

h u * «r t- / P°- 
phx wthx ^ V w 

TM. inves the expression for the thickness rf the wall 
wh2^d.?wj*wiU^^- -nieUneofteniluntpra- 

rSSt^P««« to p- .t the middled 
point, the expresrion will be; 

phx^-wthx-^ " 

Thu determine, the thickn« of the 
The whole of the bwe u under compreaion. 

Factor of Safety—Re»i«ting moment/Overtunung 
moment. 









7/ae IMBAM PRACnCAL CTVtL UNgINEERJ' HANDBOOK 

Wh«n the rault^t cuts the baw; at the ird point the 
preisiire on the heel of the i(val] b aao and on the toe it 
ja tw:>cc the average^ eiz-t aw/A. 

For compound walla (not of much importance) the 
factor of ^ccy againat overturning may be tien aa low aa 
one, m which case the wall wiU have amaJl tension but 
™ stand. In conmte walls leverage may be taken up to 
t iwtead of 1/61. It will have a tension of about da 
ibs./sq. in* due to normal wind pressure. 

The iXMitioti of the resultant^^line'of pressure” can 
also be determined graphically (as shown in the sketch)* 

Stresses at^ th^e^baac cam be calculated from the usual 
equation 


-{MHi 


ph* ft 


=rz 


fbt» 

6 


or 


bt* 


Whence, tension = j^f— Jand comprcssion= j^f-^- ^ j| 


This gives tension and 
compression at the edges/sq.ft. 
M^Aending Moment 
-Wxe 

Z=^Section Modulus 

bt> 


W=total verdca] load, 
(including weight of wall) 
A=bt=areaof the base, 
b is taken i ft, strip and t 
is the width of the b^, 
e=dcviation from the 
centre of the base t of 
the resultant=M/W 


WaKs" against sliding see under "Retaining 

Thnuta. Inclined thrusts should be resolved 
mto iheur honaon^ and vertical components. The 
vertic^ component is added with the weighV^of the waU ' 

V T H=hori^ntal component^ 

V-T sm ^ V=^vertical component, 

t I r 1. ■ T* T=mclincd thrust, 
^-angleofthc inclmcd thrust with the horizontal. 

Ta find out the ^ckness of the wall in order that 
the base may just ^ wholly under compression, ^e 
moment due to weight of the waU plus the moment du^ 
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to the vertical component of the thrust are couated to the 
moment due to the horizontal component of the thrust. ^ 

Moment due to the wall=wcight of the wallX-^ 


Moment due to V«»Vx|t , . , 

Moment due to H=Hx height of the thrust point 
above the ground leveL 

**Wind Pressure” has been dealt with in detail in 
Section II. For surfaces which are not plane multiply 
the normal wind pressure for a flat suriace by the co- 
effleients given in the following table: 

" I Ratio of hdgtu to b aic— widlh 


Flan KCtion of lurfiKC 


Qrcular 

HacagooaJ 

Octa^al 

Square 

Qip-ihaped 


0 10 4 

4to8 

8 to 16 

0.6 

0.63 

0.7 

0.7 

0.8 

0.9 

0.8 

0.9 

1.0 

1.0 

1.15 

»S 

_ 

.-Li 

1-5 


Corbcla ^or projecaons^ arc 
levers. Each course of a corbel should not project more 
than J of the length of the brick or stone injured in the 
same direction as the projection and which shoiud ^ only 
I where strength is required. The total proj ectio ns of 
corbels in brick should not exceed 6 ins.; for la^ 

jections stone or concrete slabs should be used %vell Ixmded 

into the wall with suflSdent superincumb<mi ww^t^of 
masonry to hold it back in pUce. (see undw Sim-^adcs 0 
RcUtioMabip between the strength of brickwork 
and the atrcsigth of the individual bricks and of 
the mortar. Strength of bricks has been given in Secti^ 
12 and it ha s been stated that the strength of brickwork 
is only about 4 rd to Jth of the individual bncks. Studies 

made at the Budding Research Station, Watford (England) 

have revealed a very important feature of Ae mortv 
and brickwork strength relationship. Th ge i s an 
mum brickwork strength with a certain strength of the 
mortar used and there is no advantage in uring a stronger 
mortar with more of cement. With a gre atCT ^or lesser 
amount of cem entitious material the brickwork is weaker. 
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Use of rich cement mortmn for joindng makes the 
itructure unnecessarily rigid and tend to develop cracks. 
SQt>nger mortars %rith stronger bricks and weaker mortars 
with we^er bricks develop the maximum strength; for 
any particular strength of Wick, a corresponding mortar 
gives the maximum strength to the bri ck work. 
Crataing of brickwork in practice is rarely due to dirWdy 
applied loads; usually it is a result of differential move¬ 
ments between the various parts of structure caused 
by foundation settlement, or by thermal or shrinkage 
movements. With a strong and brittle mortau*. cracks 
develOT between the mortar and the bricks and may 
also tmough the bricks themselves. With a %veaker mor¬ 
tar, however, the mortar can “give” a little to take up 
differential movemenu, and so cracking is often avoided; 
^uld movements be so great that cracking still occurs, 
it will tend to be distributed throughout the brickwork 
in the joints rather than through the bricks. A 1:3 
cement mortar is often spcdBed for brickwork which is 
needlessly strong, expensive and undesirable for roost of 
the woiks. A mortar richer than i : 3 reduces the 
strength of the brickwork. 

GemantXIsn* Mortars. A small quantity of 
hydrated (non-hydrauUc) lime in a cement roorUr is ad. 
most always beneficial even for high strength construction 
as it improves the working qualities of ^e mortau' amd 
at the same time reduces shrinkage cracks, au the lime 
holds the mortar in the mix for a longer period than 
cement For high-strength works where rich cement 
mortar of t: 3 is to be used, lime up to one-quarter of the 
volime of cement will improve workability without im. 
pairing the strength. It will be observed vroxn the table 
below that there is very little effect on the strength of the 
brickwork if 50 per cent, of cement is replaced by lime 
(1 cement : i lime : 6 sand mix instead of i cement : 3 
sand), although mortar strenfl^h is reduced by about 40 
per cent. A small quantity of cement, say 10 to 15 per 
cent, in lime morUr makes the mortar stronger and 
earlier setting. 
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Effect of Mortar Proportions on Strength of 
Brickwor k 


IVoportioa of 
ooDent+Ume : saod 
(by ^ume) 


Strength of bridcwfork omcened m per* 

centage of strength of hridnvarii built 
ip I : 3 cenaent : sand mortar, Ibr the 
foUowitig ratios of cement : lime (by 
volume) 



AU 

cen»«it 

t:t 

a :3 


3:7 

«:S 

*••4 

1:9 

AU 

lime 

1 : a .. 

96 

94 

90 

87 

84 

80 

74 

60 


I : 3 •• 

too 

9 ? 


89 

87 

83 

79 

65 

45 

LLi l:. 

.. 

JJLj 

iz. 


81 

77 

-ZL. 


•• 


(Most of the above information has been based on 
Building Research Station, Watford, Engbmd, Digest 
No. 75 of 1955.; 

The lime is slaked, sieved and made into a stiff pute 
and thoroughly mixed with sand and cement. The quick* 
lime should not contain overbumt ingredirats which 
will not readily slake in contact with vrater. Lime mortar 
should be prepared in advance of the work and gauged 
with cement in small quantities as required so as to bo 
used within a or 3 hours before the cement has aet. 

Eminently hydraulic limes should not be gauged 
with cement. Portland cement or rapid-hardening 
Portland cement may be used. 

The following proportions may not be exceeded ; — 
(fl) one volume of cement to not less than one nor 
more than five volumes of lii^; and 
^5) one volume of cement-lime mixture to not less 
than two nor more than four volumes of sand : 
provided that the ratio of volume of cement to 
the volume of sand shall not exceed i : 16. 


A mortar consisting of i cement : i lime : g s^d has 
been used for cheap housing projects, both for brickwork 
and plaster. 

Lime mortar shall be composed of litnc mixed with 
sand in the proportions of one volume of lime to not less 
than two nor more than three volumes of sand. 

Mortar proportions are given in Sections la and 20. 
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PermlBBlble Comprcsahre Stresses 
®®. Block or Stone Mssonry (with slenderness 

ratio of unity). 


Mortar by volume 

Max. unifiyni oomp. ttrcM ia lbi,/m. in. 

corretpaoding to units wfaoK enuning 
■tresigth in ltis./sq. in. is: 

uacBt 

Lkne 

Sand 

400 

1 1000 

1 *500 

9000 

JOOO 

10000 

I 

rt 

3 

40 

100 

150 

310 

960 

660 


o-f 

i 

¥> 

too 

140 

190 

*910 

440 



D 

4 ® 

too 

140 

190 


350 


9 

9 

40 

80 

130 

170 

350 

350 



'1 

30 

2 ? 

100 

*90 

300 

300 


I 

- 3 



80 



100 


—r "iiwc i.iusuing sircngins arc mter- 

mraiate between those given in the uble, may be ob¬ 
tained by linear interpolation. 

These loads apply on fully hardened masonry. 
Crushing strengths of burnt Indian bricks vary from 
600 lb8./$q. in. to 3000 lbs./sq. in. Values are given in 
Section 12. 

(Based on British Standard Code of Practice : CP 111.) 

4. MASONRY ARCH DESIGN 
(Abo see unacr “Bridges”) 

Cho^e of Type of Ards. Where abutments are of 
ample sire, the segmental arch b the strongest, but where 
the abutments are made small, semi-circular or pointed 
arch should be used. Semi-circular arches are the stron¬ 
gest and exert no thrust on abutments or piers. 

Fixing Rise and Radius of Arches. A good rule 
for the radius of segmental brick arches over doors and 
windows or othw small openings is to make the radius 
equal to the width of the opening. For biner arches, 
make the rise of the arch at the crown an inch in height 
for every foot of span. Rise of an arch between J to 1 
of the span b considered most economical for buildings, 
Hxing Thickness of Arch Rings. There are many 
cmpuncal formulae for fixing the thickness of an arch 
ring. F or brick arches: 

t—for semi-circubr or oval arches, 
t=sv^o.a5 xR—for arches in series. 
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Ruikdnc*t 

formula 

t» 0 ’ 4 VS 


A g!»d common rule for Light load brick arches u to 
make half-brick thickness tings for each 5 A, of span. 
For heavy loads the Ibllowing thickness of arch Hhgs may 
be taken for brickwork in cement mortar 1 


Spaa 

ThicfciuM 

nTartfa 

TIEV 

Up (D 5 ft. 

9 *' 

G R. tn ft. 

tar 

13 ft: to 35 ft. 
s€ It to Si ft. 

B2*" 1 

jG It to 10 ft 

* 7 " 


As a general rule, a Go’ arch shouid 
be avoided as it has a tendency to 
crack at haunches and is filso more 
expensive to build* Its only advan¬ 
tage over other types of arches is 
that it has low rbe- 


The thickness of arch ring at springing may be taken 
the Same as at crown for small spans. In caae of large 
spans of over ao ft., the thickness at the springing should 
be increased by about ao per cent. In case of welf-dressed 
stone arches, the thickness of arch ring may be r^uoed 
to about |th* 

Data for Scgmcatal aixl Semi-circular Arches :—- 


vch 

Thi^Oiac 

at crown 

Radius 

R- 

Ajk 

r^ 1 

Go* 

0.43^^ 

S 

0.134 S 1 

71' 

0.40^ s’ 

o.Bai S 

D.17P S 

go' 

0 .^1/ 

0.707 S 

a. 007 S 

190* 

o.SGV ® 

0-377 S 

o.iSB S 

i9o* 

O.sSv^ S 

0.500 S 

D.500 S 


t^tfalckneB of Ebc 
sreh ringr in ft., 

R —T*diw of the arcb 
■T the cTOwa in fL, 
SmipAQ in 

r—H k in ft 


Cottctmctloni of Arches 


In building archa for all ordinary works, concentric 
rings with non-continuous radial joinis (of half brick) may 
be used, but this method should not be adopted for heavy 
loads or for spam above 25ft*; or altcrnadvely, a numbo' 
of keys should be provided at intervals. The other 
method b to lay^ bricks alternatively as headers and 
stretchers in section with continuous radial jolntt as ihown 


















7/3^ iHDtAH FJUUmCAl. CIVIL HiUlDlOoK 

in the ^tch {or ^Flat Arch/ Where arches arc built 
in 4| ins. (Doncentnc rings, each ring ahould be fblly cpm* 
[^cted befcn-e the one above it is commenced* 

Plain brick arches (where bricks have not been cut or 
rubbed ) or rough briclc arches, should be turned in half 
brick rings. The mortar in the joints that are parallel 
should never exceed ^in. in thickness. 

It is pTidcxable to provide all arches of 6 Ft. span and 
above with keys. For spaos 6 ft. to is ft. there should 
be one kel at the crovrn, and For spans above m addi- 
donal keys should be provided so that the distance between 
keys is not oiore than 9> ft. measured along the iniradDs. 
Keys stiouJd extend over the full thickness of the arch. 
Headers and stretchers In keys should be so arranged as 
to break eiTectively the bond tn the adjacent arch rings. 

Arch-work shotild be carried up evenly from either 
abutment and as soon as the arch is complete the masoru^' 
should be built up to the height oF the crown so as to load 
the haunches. 

In any structure of more than four spans, not les than 
four spans should be completely centred at one time ; 
where there are three spans or less, all the spans should 
be completely centred before the building of any of the 
arche is commenced and the building of the several 
arches should be simultaneously executed* 

Relnfbrdiig Arches* Hoop-Iron if laid around an 
arch between half-brick rings and also longitudinally 
and radially, will strengthen a brick arch oonsideTably* 
The bands of hoop-iron. which traverse the arch radially 
should preferably be bent and prolonged into the bed 
joints of the hacking and spandrels. 

A Rdieviag arch U built over a 
lintel or a flat arch to relieve the 
latter of the mpcrincumbent weight* 

A flftt «rch has a camber of 
per ft of span ; it should have angle 
of not leas than So deg. at the skew- 
back whkh gives a projection of about 
I to. per of span at the top 
(catndoi) beyoad the span. 
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Occw Arttlies 

0=obljquity of.arch—S oot. s 
of skew, 

b==haJu angle of ajrcfa, 

R ^radius of ardi, 

$=spaii on the square, 

Wsswtdth on the square, 

Q^=spau on the skew 

T 

=^S cosec.ff XS 

T =length orimpost=W cosec. a 
L=]ength of arc^ .o34gRb. 

For semi*circu 1 ar arch : 

S 

L=i,57iS=—X 90X 0349=90xRx 0349- 

Jmek Arches are usuaUy made for 4 ft. to 6 fit. 
spans, 4^ ins. thick. Rise U about ^ to I of the nian. 
Where bigger arches are required thickness should be 
S' Ins. for Spans firom G ft. to 30 ft. and rise ^ th of span 
from ft. to 30 ft. 

Tie-Rod^ arc provided for the end spans or under 
concentrated Loads. In series of arches it is safer to provide 
rods every 4th or 5 th span. Th^ are generally 4 in.^to 
I in. dta. for small spans and t tn. to in. dia.. for beg 
spans, and 4 to 5 fi. apart. Spacing ^ the de 
inould not exceed ao times the width of the supporting 
beams. Tic-rods must be put in place and the nuts 
tightened up correctly befe^ the centerings are fixed. 
On no account must the centerings be hung from them. 

Tie-rods take the thrust of the arches which can be 
calculated from the following formula : 

T=hor, thrust of the arch 
in lbs. per lineal foot 
which to be resisted 
by the dc^rods (hor. 
thrust is tenrilc stress.) j. 
W=liveajiddead load over 
the arch in lb*, per 
sq. R. 



From this the size of the tie 
rods and the spacing can be 
calculated. 

Small size of rods and as near 
as possible should be pre- 
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If the load is concentrated 

at the centre of the arch the L=^n in feet; 

thrust be twice that 

given by the above formula. R—rise in inches. 

To prevent lateral displacement of the beams under 
the thrust of the arch, at least three complete lines of 
centerings should always be in use. The fir^ two courses 
adjoining the joists should be laid in i : 3 cement mortar 
and the remaining may be with lime or i : 5 cement. 
The bed face of the brick (9" X4I') should be made normal 
to the arch thrust. The portion of the beam exposed 
above the arch should be cased with 1:2:4 cement 
concrete with small aggregate. Haunches when filled 
should give a thickness of at least 11 ins. over the crown 
of the arch, which may be with fine lime concrete. Roof 
beams, tie-rods, and wall plates before being erected, 
should be painted with red lead paint two coats. 

Centerings for Jack Arches. There are various 
methods of making centerings either of wood or iron. 
Centerings are generally hung from the roof beams by iron 
clips or wires. Centerings may not be moved till after con¬ 
solidation of the concrete terracing. Some engineers prefer 
to remove centerings twelve hours after the completion 
of the segment of jack-arch over it, provided the adjacent 
jack-arches have been completed. 

Centerings for Common Arches. Before turning 
arches exceeding 40 ft. span the middle half of the 
centre should be loaded with all the bricks to 
be used in that portion of the arch. Tlie centres should 
be provided with an arrangement for lowering them to the 
extent of one to two inches (i.r., “striking*’); this 
arrangement may be hardwood w^ges for small spans 
and sand boxes for moderate and large spans. 

Striking Centres of Arches. Centres should be 
struck as noted below :— 

(i) Single segroenul arch : Immediately after the arch 
u finished, or within 24 hours. 

(n) Series of segmental arches : Centres of each arch 
should be struck as soon as the arch succeedbg it is 
completed. 
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(m) Seim>circular, eliptical or pointed arches : As 
soon as the adjacent bri^-work has reached two* third 
of the height of such arches and the nxMtar has had 
time to set and harden. 

For striking of the centres of lar^ bride arches, some 
engineers are of the opinion that it should be delayed 
for 2 or 3 months and during that period the arches should 
be eased a little from time to time. 

5. RETAINING WALLS & BREAST WALLS 

A Ritaimng Wail is a wall built to resist the pressure of 
earth filling or backing, deposited behind it aJUr ii is bmit, 

A Breast Wall (or £sce wall) is a similar structure to 
retaining wall built to protect the freshly cut surface of a 
natural ground, whether with vertical or inclined face, to 
prevent it from fall due to the action of weather. 

Angle of Repose : 

If a mass of earth (clay, sand, gravel or any such 
material) is left exposed to weather for sometime, its sides 
will slip amd will gradually attain a stable slope without 
tending to slide. The angle between the horixontal 
and this slope is termed the natural angle of repose for that 
particular material. 

Angle of Internal Friction : 

The angle of internal friction has been explained in 
detail under **^il Mechanics'*. The angle 01 repose of 
a soil is not the same as its angle of intenul friction since 
the angle of repose is determined by the unstable layers 
at the surface of the slope, loosely tipped, whereas internal 
friction includes not only intergranular fnction but also 
interlocking. The angle of repose, however, is approxim* 
ately equal to the angle of internal friction of sand in a 
loose state. The angle of internal friction for dense 
sands varies between 35 deg. and 46 deg. and for loose 
sands between 28 deg. and 34 deg. That for dense weU 
graded gravel may be as mu^ as 50 deg. Some engineers 
consider that in all formulae of soil pressure the angle 
of internal friction should be used and not the angle of 
repose. 

Angle ^ Friction. The limiting angle of a plane 
(surface 01 any material) to the horizontal on vrhich 
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plane rats a block which is just on the point of sliding. 
Th“. depends upon the value of the co-efficient 

of friction between the two suriaces, Le.^ the plane and 
the block. The tangent of the angle of firiction is known 
as ffie “co-efficicnt of friction** or the "co-effident of 
sliding friction**. 

Back ftlling. That portion of the material retained 
by the wall (including special 6Itcr material), which 
has been placed behind it after construction to 611 in the 
space between the wall and the natural ground. 

Backing, All the material retained by the wall. 

Pressure, Any pressure exerted oy or through 
the retained soil at the back of the walL usually an active 
pressure or thrust. 

Actioe Pressure or active earth Pressure. The lateral 
pressure exerted by the soil on the back of a wall. 

Passipe pressure or passioe resistance. The lateral resistance 
of the soil on the front of a wall. 

Surcharge or surcharge load. The part of the material 
or load supported by a retaining wall, at a level above 
the top level of the wall, w’hich may, by virtue of its 
nature or position increase the acuve earth pressure 
on the wall. 

Toe wall is a small retaining wall built at the foot of 
an earth slope. 

StabUity of Bank Slopes. The safe slope ot a 
granular bank does not decrease as the hdght increases 
b^use its shearing strength increases as the l^k becomes 
higher (due to additional wdght). The safe slope of 
a clay bank becomes Hatter as the hdght of the b^ 
increara because its she^ng strength docs not increase 
to resist the corresponding increase in the height. The 
steepness of the safe slope of an embankment depends 
on the shearing strength of the soil. A slope is in itself 
subleprovided that the angle of slope is less thantheangle 
^ rrpo^ of the material. This applies to dry materials 
Most slips occur in cohesive soils due to increase in mois- 
turc contrat. For granular soils, the resistance in slidine 
u ^ndent upon the angle of internal friction For 
mds a ^ small movement only u required to diangc 
the sou from at rest stote to the active sute. * 
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The naturair itrongcat and ultunate form of earth 
ilopct It a concave eurve^ in which the flattest portion Ls 
at the bottom. In constructmg sLopca the rcvenic of this 
form is most of^cn made^ which invita slips. Straight or 
convex slopei continue to slip until the natural form is 
attained. ThercforCj tn ctittLngSj concave slopes should 
be formed to avoid slips. 

Slope* fm Cnttittge depend on the strength of 
material, depth of excavation and the bedding pbne. 
{i) In clays and silts^ 3 to i when well drained, and 3 
or 4 to 1 when wet. (ii) In ^vels and sands; i or 

to I when not more than 30 ft. high, and or to t 
when [n greater height, (iij) In fine sands : to 1. 

(iv) Undisturbed earths: i to 1. Slopes of embankments i» 
^ven in Sections 17 and iS. 

Any material Ukely to slip must be removed and the 
slope flattened. If a slope passes through two different 
soils, the top being more likely to slip, the top should be 
trimmed to a flatter slope and the bottom kept at a steeper 
slope. Where the slope is very high, it must be reduced 
by cutting and inserting one or more bemu. Retaining 
walls (toe wails) or piles are provided at the toe of the 
slopes to prevent slipping. The possibility of occurrence 
of slips a greater with cuttings f^an with embankments. 
Afier the construction of a cutting it should be seeded 
%vith grasses. The roots strengthen the soil and they 
also c^w moisture from it which adds to the strength. 
Alternatively, pitching may be used. 

Design of Retnining WsUsi A verdcal wall badeed 
with earthy materials is subjected to a thrust wbich tends 
to overturn It as well as cause It to slide. In the design 
of a retaining wall the thrust on the back of the wall due 
to earth pressure is circulated and the wall made of such 
a cross-secdon (thickness] the weight of which will resist 
the movement due to the thrust and the resultant fisrcc 
on the base lies within the middle-third to ensure that 
there is no terwon at the base. In cohesive soils the 

VVhen akoa ire expmted is to i, 2 to i, the rint f%iirc 
repretents the horizDatal rndnicemciu, the ceoapd Tcrtieit mcaiure^ 
menc. SudUdyis tji ; i, 4 i i. v 1 14. 
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resultAnt should fall at or near the middle of base, because 
in such soils unequal settlement of the toe may start a 
vicious circle . It is also necessary to check that the stress 
at the toe does not exceed the allowable bearing capacity 
of the soil and that the wall does not (ail by sliding D^ily 
forward on the base. The pressure at the back of the wall 
is greater the heavier the material and the less the 
angle of repose. 

Two theories are commonly used for the design of 
retaining walls : (1) Rankine’s theory, and (n) Coulomb’s 
VVedge theory. The Rankine and Coulomb solutions 
give the same result for a vertical wall and a horizontal 
backfill if no ^^'all friction is allowed for. For sloping 
backfills and walls off the vertical the Wedge theory 
is uneffected in its application but in Rankine^s theory 
the resultant acts parallel to the slope of the fill. Rankine’s 
formulae have been the most generally used for common 
works. There is another theory, called Dr. ScheAkris 
theory but the overturning moment obtain^ with thb 
theory is less than that obtained by the above two theories. 

Rankine’s theory assumes the earth a homogeneous, 
incompressible granular mass with no cohesion and is 
thus more appropriate for cohesionless soils, r.g., sand, 
gravel, broken stone. It makes no allowance for adhesion 
or for friction between the earth and the back of the wall. 
iMihough these assumptions are not always correct but 
give results erring on the side of safety. 

In the case of walls backed ^ hard clay, the Wedge 
theory may give results in excess of the actual, whereas 
walls backed by soft clay may be subjected to greater 
pressxire than those given by the Wedge theory. 


Soil 


Wet day; wet aaad and clay or wet 

^el ^ cUy. (Sotb oot ptoperiy 
drained) 

Dry day; wet nnd; gravel 

Dry aaod; looae earth, dry or wet; 
damp day; gravel, sand and day; 


cannon (properly drafted) 
8 tad wd^^^gravd and —~ii 



Average a^dc 
repo« for 
moa dedgm iwiy be 
taken aa per table 
appended 
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For retaining walls of considerable height supporting 
soft clay (cohesive soils), Bell's formula is recommended. 
Intensity of pressure at any depth 

where: Ce=cohesion in Ibs./sq. ft. which may be taken 
for very soft clay, 200 to 375; soft clay, 375 50750; 
firm clay, 750 to 1000; fairly stiff clay, 1000; stiff day, 
1500 to 2000; very stiff clay, 2000 to 3000. Sands predo¬ 
minating v^nih some clay, 400; cemented sand and grav'd, 
500; sand-gravel mixture cemented with clay, 1000. 


Coulomb's Wedge Theory. In this theory it is 
assumed that there is a wedge having the wall as one 
side and a plane called the “plane of rupture" as the other 
side, and tnis wedge-shaped mass of earth tends breaking 
away and slide dovirn and forward, thus exerting thnm 
on the wall, and the wall has to support this wedge. For 
a vertical wall without surcharge the plane of rupture 
bisects the angle between the plane of repose and the back 
of the wall. This theory, he vcver, does not determine 
the direction of the thrust, and which b taken to act hori¬ 
zontally at J the height of the supported backing above 
the base of the wall, for walb with or without surcharge. 
For a wall with a v’erdcal back and level backing the 
overturning moment due to pressure b the same as with 
Rankine's formula. 

Simplified “Wedge theory" formula :— 
o wh*_ cosV 

a /in^n^(^-a)T « ^ » 

L V J 

For a wall with a vertical back and a level backing, 
8-0, 


Hence P 


wh* ^ cos*^ wh*^i —sin^^ 

^(i-f8in^)*“ 2 \l-fsin^/ 


Rjusldiic's formola for walb wthout surcharge: 


wh* I —sin^ 
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The intctuity oi pressure at any depth is 

, _i—sLnd 
whX— ^ ■ T 

The earth preaBUrc acts horizontaliy at ^ the hei^t* 
of the supported backing above the base of the wall-The 

overturning moment due to earth prc 33 tirc=^i* 

® ^T+sm? 

Thu IS ^uated with the moment due to the weight of the 
wail acting through Its centre of gravity, as explained 
previously under ‘^Design of Wall Against Wind ftewurc*"* 
Fstotal lateral earth pressure per ft. length of wall 
due to the backing, 
w=\veight of backing per e, ft, 
h =^height of backing, 

^Kangle of repose of backing, 

E=angle of surcharge 


Rankinc's theo^ assumes earth to be perfectly dry 
without any adhcsian. la practice, the filling behind a 
wall is exposed to varying atmospheric conditions and 
seldom remains perfectly dry. Therefore, in dry loca¬ 
tions, or even where the backfill is properly drained, the 
partial hydrostatic pressure exerted by a wet filling should 
be taken into account. No structure should be designed 
for less than the equivalent duid pressure of 30 Ibs./e, ft? 
(I>ry earth pressure is generally equal to 'J tjf water 
pressure.^ 


Lateral Prexaure on Walla *te to SnpcHmpofted 
Lead on Bacld±ig or Fill--£as^h PreBanre an 
Abetuentat I^d on the backing will occur due to 
traffic on a bridge approach or a road supported by a 
retaining wall. Any load at the back of the wall is 
reduced to an equivalent height of backfill (surcharec) 
corresponding to its weigh tr. ^ ^ 


excrttdTby 

che backfill, v^ben conndemS dty, baled « 0.43 h form level fill, 

Lmlead — 

3 
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y=Kh+i>') 

P=resu 1 tant pressure per 
ft* of wall length, 
h' =he!ghc of earth-fill 
equivalent to sur¬ 
charge in fl. {super¬ 
imposed load per 
ft. divided by weight 
per c* fu of fill*) 
Another method is : 


P 


irr 

h> 


\ trlanfl* if 
'y^pHiiLr* 

\ ' 




P=iwh(h+sihO X 


I —sin^ 


v-ih y 

^ h+ah' 
retaining wall 


is a 


i-|-sin 4 

Return W»IU* A return wall 
built parallel to the centre line of a road to retain the 

embankment. » j r 

Road crafTic ia assumed to exert a uniform load or 
aao lbs* per sq* ft. on the backing, which is equivalent 
to a lurdiargc of 9 ft*, when considered acting at level 
with the wall top. (Which niay be taken g fL for heavy 

iraftic* Sec under "Bridges".) j, j* 

Live load due to road traffic or any isolated load is 
assumed to be dispersed through the backfin at an ^ngle 
of 45“. In case the 45* liit= ^wav from the wail 
there will be no surcharge load. No surcharge load need 
be considered when it docs not come within a distance 
of h/a from the top of the wall* 

9 


I ^sin ^ 

I d-shi ^ 

1 —sin ^ 


P, = Jwh* X 

yi=lh 
P,= v^rb'X 

y,=ih* 

Total pressure moment 

« Piyi+Pfyr 



mm sjm 

Fj=resultant pressure due to fill only, 
resultant pressure due to lurrhai^p 
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^ ^ Burcliargc load due to live 

load on road width B, or any iioUted load on 
width B* 


The p^on of the backfill which ix o\'er the heel of 
the wall ihould be taken with the weight of the wall. 

Wing Walla: (Surcharged walls) 


P=lwh(h -hah') 


1 -hsin ^ 


y=ih 


h' —equivalent level surcharge 
due to the sloping fill 

“Jh cot ^ tanS 
^—angle of fill, 

S angle of surcharge. 



Sarcharged Retaining wall with Rankinc'a 
Theory 

For angle of surcharge i between o* and 

wh* 


wh* 


cosS 


where 5=^ 


coaS —y/c^ rg — co5«^ 

cos S-J-Vicos' j—coP^ 

F— — cos A 
a ^ 


XK, 


Here the resultant P actx narallel tr. rk. _ t. 
ilope qf the fill and although it is greater than for'^a le^ 
M It has a smaller leverage and the moment is not n^Teh 


greater than for a level fill. 


not much 


^e component of the inclined thrust P is 

added with the weight of the waU where back 

The value of K, in Coulomb's formula and K m 
Rankme t formuU may be taken from the roHowing taWe T~ 
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Value of K^, or E, 


Sun^tlgc 

IS' 


as* 

Jo* 

35* 

40* 

45* 

ItK* 

!ito* 

SO* 

3S* 

0.70 

1 

<l‘3? 

0.40 

0.37 

0.4^ 

0.45 

0. ag 
0.33 
0.37 

1 

0,33 

0,33 

n,37 

0.3a 

0-S9 

0,17 

0,13 

D.3E 

Q.I3 

0.^7 

C-44 


Tike jr=h. 

Take y as the height iujtcad of h 
and design the wall as for level 
backing, 

P acts parallel to the surcharge 
slope at — 



dJupe 

i : 1 

Jf : i 

a i E 

3 ; 1 

14:1 

Value of V 

r. 7 ]li 


- - -— 1 - . 

•'+ 5 ^ } I.Sib 1 i.aiJh 


Passive reaUtwe ofnrth la front of toe of %rtll 

Total passive resistances^* 1 =^ 

of wall acting horTzontally at id above the base of the 
wall, d « depth below earth surface. Passive resistance 
IkI! ? ’lot m*^ tlian 5 ° ot that pven by ihe 

n^lcct!jd^^^' of earth, is gtneraUy 

1®^***?^*^ ’^hen saturated due 

heavier pressure, especially clayey soils. The latml 
pr«™„ ,^u b, .he Mil o> dL; .0 t£e 

plus the fqrct of the submerged backing, pressure due 

10 water will be X A ,where w is the weight of water 

and h is the height to which water wilt oceur. The prtajure 
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dutf to the submerged backing can be obtained as previously 
described for dry matmab with the angle of repose and 
weight of the soU under water as given in the table 
following^ OTj the ordinary dry soil pressure is re* 
duced in the ratio — weight of soil under water/weight of 
dry soil in air. The angle of repose of a saturated aoi! li 
at^ut 5 to lo deg. less than the angle of repose of the dry 
soil. The weight of a soil under water =(weight of the 
«jU in ai r -^percentage of vends in the soil x weigh t of water) 
—weight of water. 



Avera angle of iTpd*e 
under waLcf 

Wdgtii uisder 
waio-, Iba./cJt. 

Ssjid 

2jfi 

80 

Sand and clay . + 

18“ 

45 

Qay 

16" 

Bo 

Gravel, dean 

27" 

6d 

Cravd aiid cUy 

la* 

65 

Cravd, swd and day 

18* 

45 

Sfiil .. . t 

r6« 



Retaining walls with backfills of earth charged with 
water may be designed for a total pressure of 75 lba,/c.fL 
and other walb where precautions are necessary ag linjt 
crackings such ns water reservoirs or dams, may be 
designed for a total pressure of gd lb3./c.ft. 

Sliding.- Frictional resistance between wall and 
ground :— 

The force that tends to slide a retaining wall on the 
foundation soil is the horirontal component of the eaii 
pressure (including any uupcriinposed load on the backing). 
In order to prevent sliding, total horizontal force/iotal 
vertical force, should not be more than the safe oo-eflicieni 
of friction between the wall and the ground. Where 
practicable, a factor of safety of 2 should be obtained against 
sliding, and it should in no case be less than 1,5* All 
walls above 10 ft, height should be checked for safety 
ag^nst sliding forward. Passive resistance due to any 
solid earth in front of the toe of the wall is not usually 
allowed for unless of great depth and reliable. 

Total vertical force is taken to include the weight 
of the backhlL if on the wall (where the wall is 
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inclined or stepped), vertical component of the backfill 
pressure if inclined, load due to a bridge or any such 
structure as in the ease of an abutment. 

If the resistance to sliding is too little, base width of 
the wall will have to be increased or preferably, the base 
should be sloped down towards the backfill. Foundations 
will be normal to the face in the case of walls with battered 
fronts and in the case of vertical fronts the foundations can 
be sloped down about 1 in 8. 


Surfaces 

dent of 
friction 

Surfaces 

Co-effi- 

dent of 
frictioa 

Makoory on nkoiit day 
„ dry clay 

„ aand 

„ gravel 

M same or brick 

M rock 

Fine cut granite on 
tame 

0 0 0 e 0 d d 

Limestone on tame 
Cement blocks on tame 
Cement concrete on day 

»i >i «»nd 

» ti gravd 

Bricks on tame 

Wood on tame 

0 0 0 0 0 d d 


The co»cfficicnt of friction is the tangent of the angle 

of internal friction; values are only approximate. 


Foundations should be taken deep enough to safeguard 
against weather, and should be at least h/io-f-i ft. below 
ground level. The projection of any footing course should 

not exceed half the depth of the course. 3-in. steps 
may be given at the heel. The maximum pressure on 
the toe should not exceed 0.7 of the permissible ground 
bearing pressure. Where, however, the pressure exceeds 
the allowable limits, the toe T can be projected in the 
following proportions to decrease the toe pressure. 

For T=0 pressure 
For T=B/6 
For T«B/5 „ 

For T«B/4 „ 

For T-B/3 „ 


p becomes =3? 

»» » =.62p 

ft >> 

It ti =*.4Bp 
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ElutmpU: 

P=iwh (h+2h') 


I—sin ^ 



i-fsin ^ 

Eflcciivc height for earth' 
pressurcwH' 

Equivalent level surcharge 
due to the sloping fill 
= cot ^ tan 3 
H for 1 1 :1 surcharge and 
1:6 batter of wall 

If ^= 3 , then J H cot ^ tan 3 
will be JH' 

=Icvel surchargc=4.44' 

Then P= J wH W-f 

'i+sin^ 

y=iH'(H—H')=6.ift. ^ 

Earth Pressure = Py 

Take moments about o for lest at ground level. 

Dry Retaining Walls 
Take top width about 
2 ft.; front batter 1:4 to 
1:3 (hor.:ver.), and back 
vrr lical. All courses normal 
to the face, foundations at 
right angles to the face 
letter, which should be in 
lime concrete if the soil is 
impermrab’e. If the height 
exceeds 12 ft. provide 12- 
in. courses in lime at every 
2 to 6 ft. height; through 
bond stones at intervals of 5 ft. 

. of dry nibble retaininR walb should 

diyded into paneb separated from one another by 
dion lengths of walls 5 to 7 ft. long built in mortar at 
intervals of say. ao to 30 ft., i„ order to confine subsequent 
damage, if any, only to the panels affected. 
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reyrdVi^^'^^*! 

Since there is no moriar All tjicir shape and si^e 

coltcctcd ai )iK for sdo^tion brfo« P«fcrably he 

Occasionally, the interstices ^ <^onn»i<rncing the work, 
shingle or .mail pi^ ™ 5»OB are fijlrd wiA 

pomted. P " *“““ and Uie face cemcat 

Breast Walls 

iMost of the HolJg General]V 
are c t imn^cdiately they 

they itort^falli^atr “«^herin^ 

y start Jailing down to their natiirJl 

Jtnde, Wot-din^toThedo^^rlhe ?o[j' 

~ .<, h.e„d 

=a^rr,;:!:r,S' 

to preveni alidfn^ action, ^ev u^!ral?"f’* and 

like buttersiss at intervals. ’ ^ pfPjeetiomi 

"hfo w'^tdih^^nte®fc!^I'“ad■ wait, are 

buttresses at short interval! which '^'th 

section of the wall beine maHr 1 ™ .n averatre 

be required. ^ ‘>'tin woujd mbr-n^ 

- ?he“dlr'' •'' principle 

varies frozn ,o ft^fo cn^nterft” 

walls. About onr-d^th Jr 

plus counterfort) is taken for the cou-^ masonry (wall 
s made per bay) and hrieht Iskent Ct^^Iculatjnn 

""'««» »p ..u tan, ^ .....JS u SSli';.* 





7/4S INDtAM t>HACnCAL CI^tL ENCUJEERB* ilAKDEOOK 

apart Coi^ti^forts and buttresses arc generally made 
^p^d or sloping, Biv^ng greater ihsckuess at the bottom, 
^in munttrfnrcs at frequent Intervals are more satisfactory 
man thicker ones at longer mterv^aJs^ ^ 

Rtdes for Retaioidg Walls. Top v^Hdth of retaining 
walls should ^ not less than 2 ft. for stone masonry and 
I jns for brick walls, and w hich should be 5 ft. for 

railway works. A rjottom thickness of one-third wili do 
for most of the worts. The front face should have a 

tcT ot at least t Ln 24, with 1 in 6 maximum; most com- 
mon IS I m I a. A batter economically adds to the stability 
OJ the wall for any outward displacement. Front batter If 
more than one-sixth, will let in moisture and encourage 
veptablc growth in the joints. For brick walls, aftlr 
every hvc coutsm from top increase thickness by half a 
bnek. Long walls should have countcrforis at the back. 

The back should J>e left rough or built in steps to in- 
fnction between the w^all .ind the backing. Back- 
nil should bo deposited in 4-ln. to 6-in. layers with 
m^crate compaction sloping downward from the wall to 
reduce lateral pressure, after the wall has attained suffix 
cient strength. Backfilling of the walls should be done 
with granular mater tab or small atones hand packed in 
the form of active wedge pressure (to the angle of repose 
of the soil) m clayey soib. This will decrease the b^k 
pressure on the wall and help drainage. 

Drainage of retaining walU and weepboles. To 
prevemw^ ter pressure behind the wall, drainage should be 
provid^ by the use oHarge material against the back of 
the wall and by wcepholtt. Walls retaining soils through 
which w^ter freely passes, such as dean gravel and sand 

if r packed rubble running 

along the back footings, from which good-sized weepholcs, 
from 6 to 10 ft. apart, should lead ihrotigh the base ^ With 
more retentive soils a drain at least 9 or i a ins. wide should 
run nearly the whole way up the baek of the wall. The 
mouths of the wcepholcs should always be carefully pro- 
ireicd by loose packing. In some cases extra w-ecpholcs 
at higher levels may lx advisable, which may be a to 2 
ms. square, or g-m. pipes may |>e used at 6 to 7 ft 
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intervals (insUggered positions) vertically and horizontally, 

1 > n' ground level. Wcepholo 

^ould given a fall of i in 8 from the back of the ma^nn' 
to the ra«. W«pholcs should be provided in aTTb"?- 
ments and uing walls. 

Failure of retaii^g walls is generally due to unequal 
scttlcnient of the foundations, excess of toe pressure, and 
lack of drainage. Most of the failures are in clavey soils 
which exert much heavier pressure when saturated as clay 
swcIU through absorption of water. Therefore, when 
deciding upon the angle of repose for a . desij^, due 
coi^deration must be given to the effect of rains upon the 
soil which make the angle of repose flatter. The tendency 
of Uic tocking to slip is very much increased when the 

M water, therefore. c^Try precaution 

should be taken to ensure good drainage. 

Design Data for Retaining WaUs for Level Fills 

(tor surcharged fills mcrease the base width by 20%.) 


K: is the ratio of 
the weight of wall ma¬ 
sonry and weight of the 
soil material per c, ft., 
p: b the max. toe pres¬ 
sure in lbs. per sq. ft. at 
the base. 

*3r>* * tjvt s syp« c The resultant falb at 

the edge of the middle third and the walk will have a 
factor of safety of between 2 and 3 against overturning. 


Average 

Base width B—given ratio of beisht h 

Min:%vidtb for a 
rectangular wall 
that wifi lust stand 
the earth prenure 

Angle of 

Type A 

TypeB 

T> pe C 

Rec¬ 

tangular 

so* 

a;* 

33* 

37* 

.68 

•57 . 

.48 

.46 

K 

.65 

•55 

••I .00 

:S 

•54 

•50 

ill 

. -53 

1 -50 

.40 » 

•35 
‘ -S' 

.98 

P- 

190 b 

t6n b 

900 h 

' 900 b 

i 
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TO* 

Vf 

1 SS* 

• 37* 

.61 

•5> 

•43 

•4‘ 

.6a ^ 

•5a 

•44 

•4* 

■X 

•53/ 

•65 

•55 

•47 

•45 

•36 
•3t 
.28 I 
.25 J 

P- 

155 h 

190 h 

230 h 

250 h 




K 

-1.50 



TO* 

• 54 

.60 

•73 

•59 

•33 

*7* 

• 46 

•50 

.62 

•50 


33* 

•39 

• 4a 

•53 

•43 

.20 

37* 

•37 

.40 

• 50 

•4« 

•24 

P- 

too h 

M5 h 

* ofo h 

200 h 

1 


Reports show that walls built with the above dimensions 
have stood well for years. Walls do not generally fail for 
leas thickness but fail du** to other rej-«ors. 




Angle of 

Wt. tn Iba. 

Material 


Ktpese 

per c. ft. 



D^. 

of soil 

Ashes 


40 

50 

day, wet .. 


15—^ 

140—160 

damp, well drained 


30-45 

125—160 

„ dry .. 


95—30 

110—130 

Sand, wet 


15—30 

110—125 

M moirt 


30—45 

no—110 

„ dry 


25—35 

90—100 

Earth, loose 
„ rammed 


30—45. 

30-65 

JfiSs 

120 

» dry .. 


30—40 

_IIO 

M moist 

Sand and clay, wet 


45—49 

18—20 

100 

125 

Gravel 


40—45 

90—100 

„ y>Tt 


27 

•25 

Gravel and clay, wet 


t8 

127 

Gravel, sand and clay >vet 


>9 

130 

Gravel and sand 


95—30 

too—no 

Shingle 


38—40 

90 

Shingle and earth, moist 


40 

140 

V^etable soil, dry 


30 

90— ICO 

„ ff moist .. 


45—50 

too—1 to 

»» >* wet .. 


15 —«7 

no—120 

Peat 


* 4-45 

30 

Silt, wet .. .. 

a m 

10—20 

no 

„ dry 

• a 

20 

no 

Rubble stone 

a a 

45 

no 


*The above figures arc approainiate and are variable. 
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Fmictioiis of Soil Angles 


CDegree) 

cos ^ 

s in ^ 

I —sin ^ 
14-sin if 

/I—sin 
\i -fsin 

COS* ^ 

to 

.985 

•«74 

• 704 

•498 

.970 

«5 

>7 

.960 

.956 

• 259 

.292 


•348 

.300 

•933 
• 9'4 

20 

.940 

•34* 

•490 

.240 

.833 

22 

*5 

• 9*7 

.375 

•4*3 


.207 

.t66 

•859 

.821 

*7 

*^o 

.454 

•378 

• 14*. 

♦794 

so 

•252 

.500 

•333 

.Ill 

• 740 

8* 

•5«5 

.3** 

• 104 

•735 

Sa 

.848 

•530 

.308 

.004 

.720 

SS 

.839 

.545 

.995 

.087 

*704 

S4 

.829 

•559 

.283 

.080 

.6^ 

P 

.819 

.809 

■m 

• *7* 
.2C0 


.671 

•855 

38 

.7W 

.616 

.238 

.057 

.62c 

40 

.768 

.843 

.218 

.048 

.588 

4* 

.743 

.670 

• 109 

.040 

•55* 

44 

.7*9 

•895 

.t8o 

• 032 

•509 

45 

50 


• 7w 

•*74 
• »S3 

.030 

.018 

.500 

_ 


Functions of Slopes 




i 

Sine 

Length 



Slope 

Angle 

of slope 

1 —sin tf> 

✓ I—sin f.* 

(hoir. to 
Ter.) 

with 

homoQ 

of I 

(height 
taken u 

angle 

1 +sin <(> 

V 1 +sin f/ 


1.0) 



i to 1 

75 ’- 58 ' 

• 970 

1.0151 

.002 

.. 

4 to 1 

63*—26' 

•895 

t.tio 

•055 


1 to 1 

53 ’-^' 

.800 

1.250 

.III 


1 to t 
li to t 

45 *—0' 
38 -- 40 ' 



• 171 
.232 

.030 

l •33 *0 * 

38*— 53 ' 

.600 

1.608 

.250 

14 to 1 

33 ;- 4 *; 

•554 

1.802 

.285 

.080 

i] to I 

2 to t 


•498 

•447 

2.016 

2.236 

• 337 
.38a 

.113 

•*44 

24 to I 

21—50' 

•37* 

2.6^ 

•458 

.211 

3 to 1 

i8*—«6' 

. 3«8 

3.162 

.5*0 

.289 

34 to 1 

x6*—0' 

•*75 

3.628 


•3*4 

4 to 1 

14*—2' 

.242 

4.124 

•S7t 
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Anple of 
lodirutioa 
I>g. 

Slope 

(VCT, to hOTaJ 

Anjrlfl df 
InctidHtiod 

D«8- 

SloM 

(ver. toboT.J 

14 

»5 

17 

30 

7i 

=5 

37 

I in 4 

* in 3.36 

1 id 3,37 

1 in 3.7 

1 in 3,63 

I |n 3. 
r id i-qtS 

30 

3 ^ 

35 

S 7 

40 

45 

48 

1 id 1.7 

1 u) t ,6 

1 id 1.4} 

1 Id t,33 

1 id 1.3 

I in i.d 
t La a.A 

e, PARTITION walls 


_"au*. whrrc It IS desired to keep the thick 

forced ''''■ '* ^ 

and fctdtd'owr^r'Ii,''''’''^-'?'' Pa"'Sion wall abun, 
in r ■ , PartKion wall otewds 20 it 

durtcNt TOunn" 'nnr^'**”’ ^'’'’ ®bnuld be intro 

rfinTdd n ■ 6 inj. apart. Tie wall 

K ™d™cV,J ""’™' “'"1 =hoid a 

iron may bTona ''!,. <1^' >’<»P 

bu. :. me.i be w^U embeS 

to remove the bluish _r^ for sometmue 

iron >viih the brickw-ork iM ^nd of the hoop 

punched at intervals of ahnft^^R^- if it is 

buns on both siS oflhe ^ 

W1 length, it ahauid 'r 

noi less ihati ins Th^ u- cverbp of 

hoop iron is t| b^iald brickwork. where*^d.e 

ctJvSofa.kMhaSin^^K*:^?,?" ' *"' ■« “*'<re a 

the reiidbrcement and the briij'' “meot mortar between 

wheirJTer: ^ l^adon 

underneath, and it 13 cxr^t«d''t proper support 

!««■. i b,i,ivr£.“ j,"i,-i,f 
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aaar^' to lay most of the rcmforccmcnt in the bottom courses 
and reduce It proportionally towards the top^ In such 
inasca the hoop iron should be placed at every course 
for the first ten courses from the bottom and thereafter 
at every alternate cotirse. 

L&thlng and Plaster Partitions 

Expimd^d-Metsl Lathing liitpaudcd metal may be of 
size: No. i,| in. short-way of mesh and 34 gauge of 
mrial, weight approximately 3J lbs. per sq. yd,, or 23 
gauge I in, mesh. Lathing is stifFencd by | in. diameter 
round iron rods spaced one foot apart vertically, which 
arc tied to lathing at inter^'als of not more than 4 ins. by 
means of 14 to 18 gauge galvanized iron wire. If the 
lathing Is loose the plaster will crack. All metal works 
should be cleaned of rust before plastering , The under¬ 
coat mix recommended for plain xpm lathing is 1 : 3 : 9 
(by vol.) —cement : lime : sand. A stronger mix can be 
of I ; t : 6. Ef lime plaster is to be used, it may be of 
tj parts of dean sharp coarse sand, I part of slaked lime 
and ^ part of cement. The mortar should be thoroughly 
mixed with chopped hemp in the proportion of not less 
than I lb. of hemp to 3 c. ft, of mortar, or hair should be 
incorporated in the mortar. 

Light gauge metal lathing normally fixed do^ not 
constitute a rigid background and for this reason the 
application of lime mixes more heavily gauge with cement, 
or use of pure cement / sand mortar is undesirable. Rich 
mixes develop high early strength and shrink to an appreci¬ 
able extent during dr>ing* The lime used should be non* 
hydraulic or semi-hydraulic, quick-lime or hydrated 
lime. If quick-llmc is used it should be run to putty 
and matured for at leaist 15 days before use. If dry 
hydrated lime is used it is preferabte to soak it to a putty 
at least iG hours before use. (More details are given 
Under "Plastering*’^, and “Mortars and Concretes” 
in Section la.) 

Brick-nogged partitions consist of frame-work 
of wooden posts and planking, the interspaces being 
filled in with brickwork or stone masonry. Posts fi ins. 
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by 5 ins. are fixed at cerilral djiffancca of 5 ft. Horizontal 
pieces Gins, by 2 ins. are fixed 3 lit. vertical distances apart, 
Cross^btaces may fixed between the ribs. Plastering 
is usually done on both sides. 

Hollow biceks of concrete or tcrraMx>tta are used 
for fM rd Ejon wa 11 s, They are soun d-proof, 1 ijjh t o nd cheap. 
Wooden partitions arc given under “Timber Structures." 

7, SOUND 1 NSUL. 4 TION IN BUILDINGS 
Sitieg, Where the windows, of bed-rooms and living 
rooms face a main tialTic route or a railway, they should 
be not less tlian 100 to 150 ft. from its near edge and should 
be more where posaiblc. W^hcre the wirido\^*s face at 
right angles to the direction of the noise, or a^vay from it, 
ihc distance may be reduced to about 75 to too ft. In 
the case of local roads the above distances may be reduced 
to 50 fL and 35 ft. respectively. 

Trees also reduce sound to some extent. 

Walls. Sound transmission through partitions can 
be reduced by the following methods :— 

(a) A massive and ris^d construction that docs noi have 
openings for pipes or ventilators. Sound is trans¬ 
mitted through holes and cracks, and space left due 
to badly fitting doors and windows. 

(b) A hard rr fleeting surfare on the outside of the wall, 

(c) Ac air gap to prevent continuity of structure (hollow 
walls), 

((f) A layer of insulating material. An air space Ls 
generahy better than a filling material. 

W A rton-homogencous structure containing inert cells, 
m A sound absorbent surface facing the other room such 
as, fibre boards, hair felt, mineral wool or slag w^ool. 
Fibre boards and porous surlkocs should not be 
painted or varnished. 

Floors. Sound transmission through floors can be 
reduced by ;— 

(a) A "floating fioori’ which is isolated from the walls 
by ins^ting a thin strip of fell or some other similar 
insulation between the skirting and the floor boards. 
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A layer censisting of not less than 2 ins* of concrete is 
poured in-situ upon a resilient quill omlying the 
main supporting structure (bottom concrete under the 

floors)- , , , L 

(A) Provision of sound insulating matcnals bet\%Ten the 
floor covering and the floor prrper . Ccape cindrt 
ftlb on floor slabs maltc an effective deadening p^d. 
Wood, corJc, rubber or asphaltic combinationi 
effectively deaden sound, 
ft) A massive and rigid construction. 

(i/) A hollow floor construction* 

(c) Insulated and suspended ceiling. 

It is possible to reduce the harshness of floor noise by 
resilient tonveringa such as, carpets, cork or Unolcuni, 
if the materials ore reasonably thick. 

To pre\'ent echoes the back behind the audience 
should be highly obsorbent of sound, and there should be 
an absorbent area on the side walls near the platform or 
stage cud to prevent lateral echoes* 

TuR iilaiirtg Sanitary Fittings 

Water-closets should not be fixed above a living-room 
or next to a bed-room unless the latter b well insulated, 
as for instance by cupboards* 

The w* c. pan and cistern should be insulated. The 
pan should rest upon n thin pad of felt, linoleum, cork, 
rubber or other suitable resilient material. Cbicrns 
should not be fixed direct to a bed-room wall and should 
be fixed upon Insulators fixed to the brackets. The pipei 
she 111 d be wrapped where they pass through walls or 
floors and be held in insulated clips. 

Sound Insulating Matenals 

Compressed straw or reeds slabs; cork slabs; slag wool; 
sponge rubber; wood sltavings; fejt; bitumen; asbestos; 
l^ee^e bricks* A layer 1 in. to 1 in. thickness is umaliy 
sufficient. 

Increased spacing of glass in double windows is pard- 
' cularly useful in improving the Insulation at low frequcDcJest 
which are Important in traffic noise. 
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8. STAIRCASES 

(Wooden and R. C. stairs have been described in 
their respective Sections.) 

The Following terms arc generally used:— 

Trend —^Thc horizontal upper suHacc of a step upon 
which the foot is placed. 

Biser —^Thc vertical portion of step. 

J^ofing —^The exposed edge of the tread, usually proieci- 
ing and rounded. 

Biu —^Thc vertical height between the upper surfaces 
of two successive steps. 

• Going —The horizontal distance between two riser &ces. 

Flirrs —Steps rectangular in plan. 

WindffS —Steps rapering ftriangular) in plan, used where 
the direction of the stairs changes. That fitting into a wall 
angle and v^hich b the central winder of a series, b term¬ 
ed kite winder on account of its so formed shape. 

Flight —A series of steps between landings. 

Landing— A level platform at the top of a flight 
between floors. 

Ffeweb —posts used at the jimction of flights of stairs 
%rith landings or with other flights, or at the foot of a stair. 

Curtail Step —The lowest step of a fl'ght usually em¬ 
ployed with geometrical stairs. 

Balusters —^Thc vertical members between the handrail 
and strings to stiffen the handrail and prevent persons 
£slling through. 

Balustrade—Tht framed fence formed by strings, hand- 
raib and balusters. 

Strings or stringers —Term used in wooden stairs. The 
sloping wooden members like beams on which the ends 
of steps rest. Two strings arc usually provided, one on 
the outside and another adjacent to the wall. A third b 
provided in between the two where the steps arc wide. 
The steps arc cither housed and wedged into the strings 
or the strings arc cut on which the treads arc fixed. A 
string b also called carriage piece. 

Forms of Staircases 

Dog-legged —^Thc succeed!^ flights nm in opposite 
dbcciions and in plan there b no space between them* 
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OpfJt-rtewil-^Thctc is a space or openiry? oiled "well” 
between the foov'^rd and backvvaj^ Sights, with a half 
space landing and a newel post at each, angle, 

this t^^pe of stairs the well is curved 
between the forward and backward Sights, 

For the design of stairs average human stride ig taken 
as 33 inches. ^ 

PfirV,2 Rised-Trtad=i 33 inches 
“Tread or Rise xTread^G6 inches 


Standard sizes : 

Rise ^ 7 ins. 1 
Tread == 5 ins, J 

Rise s 6 ins. 1 
Tread*:*: 11 ins, ) 


for ordinal)’ residential 
buildings, 

for public buildings with 
wide stairs. 


Pitch should not be more than 43 degteei. 

No staircase in a residential building shotdd have a rise 
of more than 9 ins* and a tread of less than 9 ins* Jn 
the case of public buddings (includmg warehouse and 
mdustriaJ) a rise of not more than 7 * tread of 

not less than io| desirable- The wider the tread 

the less should be the riser and the greater the rise the 
less should be the tread. ’Width of the tread in a winding 
staircase is measured at i 3 ins, &om the inside or the 
smaller end of the tread. 

Winders should not be used if they can be avoided 
hut if they are necessary' they should be at least g ins. m 
widih at about iG ins. away &oin the handrail, and located 
near the hottem and not the top of the stairs. Only 
three winders should be used in a quarter space landing. 


Height of flights for public buildingi should be Hmited 
to 8 ft* or 12 steps (max. 15) without landings or turns* 
Greater heights should only be reached by flat pitches 
aucb as ii ins.xS ins,, 12 ins. X5i ins. 


"fhe min, dear head-room should be 7 measured 
from the top of the riser tO' the celling. 

The treads should be level throughout and made 
^vith rough surfecc to reduce slipping* 
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Lobbies, Corridors, Landlags, and Passages 

Min : width for a reddcmial building ^. 2 ft.-6 ins, 

H public building ,, ^ Fl-S ins. 

In a public building if the number of users is more 
than 20 and less than lOO, the min- width should be 

6 ft., and for number of users above 100, ic should be 

7 ft,=6 ins. The i^th should not, however, be less than 
the width of the 

The imposed loads to be allowed on stairs and landings 
arc given in the Section on “Reinforced Ckincrcte”. 

Passage for Staircases. When serving more than 
one staircase its min. width should be equal to the widest 
of such Staircases plus half of the total width of the 
remaining staircases. 

Width of Staircases 


MLu : dear width of a staircase for a single femily 
residential house is 2 ft.’3 ins. which should be 3 ft. if the 
number of i^crs is 10. A building intended to be used 
by two families, or a commercial building, shall have a 
staircase of, the following min : width 

Number of users up to 10 .. .. .. gR^bius. 

11 jt from 11 to 20 ., ft. 

u » from a 1 to 100 4 ft.-6 ina. 


Stairs should be at least 3 ft,^ ins, wide to allow two 
persons to pass easily. 

For a public, warehouse, or ait industrial building 
Number of users up to 200 ., 5 ft 

« ij from 200 to 350 ,. 6 fr. 

Increase by i m, for every addilionai 15 persons until 
a max; of 3 fo, is reached. 

A single s^casc of the width mentioned above mav 
be rcplac^ by two staucasea each of a widtJi at least 

prescribed for a ainglc staircase 
provid^ neither of the two substituted staircases he less 
than the nun, width prescribed. Where the number 
of users ^cecds 300 It u preferable to provide two or 
more staircases. 
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Stone Steps. Each stone should rest at least ins. 
on that below it. For steps which have one end fr-e 
cor tilrvered, the lentnh in the wall should be half 

the wall thickness with a minimum of 9 ins. Steps suppor¬ 
ted at both ends should rest at least 6 ins. on the walb 
at either end, which may be ins. min. for 3 ft. wide 
stairs and should be increased up to 9 ins. for wider stairs. 
T 1 e bottom step b bedded on the floor and the lower 
frrrt edge of each other step rests on the upper back cd^ 
of the step below. Each step may simply rest upon the 
one below it but it b better for the upper step to be rebated 
over the back of the one below to prevent sliding. 

A Laddif should have a min. width of i ft.-6 ins. for 
access to a terrace. 

Handrails, Parapets and Balnstrades 

The height of tailings is usually 2 ft.-6 ins. to 3 ft. If 
the railing b composed of balustrades, the spacing between 
ihrm should not be more than 3 ins. 

Parapets and balustrades of staircases in places of 
assembly, where danger would result in the event of 
panic, ^ould be designed for horizontal static load 
of 200 Ibs./ft. run acting at handrail level. 

Dcwcls, Cramps, Joggles, etc. 

Cramps may be of copper or lead, 6 ins. to 2 ins. 
loig, f in. to 1 in. thick and i in. to 2 ins. wide, haviig 
each end turned at right angles. Copper crampts are 
forged and set with neat cement, lead crampts arc formed 
by running molten lead into the dovetail channeb. 
Joggles and doweb should be of double wedge form and 
made from copp)er or from slate or similar stone and set 
in neat cement. No iron cramps, joggles or dowels, whether 
galvanized or otherwise, should be used. (Large stone 
lai.dings which cannot be obtained out of one piece of 
Slone are joggled at their ends.) 

9. CEIUNGS 

Plaster on wire netting or metal lathing. 7 *he 
netting to be of gaiv. wire of Jin. mesh and No. 20 S.W.Gi^ 
fixed to wooden battens or raters at not more than 18 ins. 
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centres by means of r J ins. wire nails, the nails to be spaced 
at intervals not exceeding 6 ins* Where netting passes 
over timber or iron framing^ a space of | in* should be left 
by blocking out to permit room for plaster key* Aftta- 
stretchirg, the whole surface of the netting should be 
brushed over with a thin mixture of cement slurry. 

Expanded metal lathing to be of | in. mesh (sbortway). 
No- 52 gauge, weighing about 4J Ibs./sq. yd* 

Cloth ceiling is iixed on frames not exceeding ft. X5 ft- 
in size with | in* X1J ins* wooden fillets, llic doth 
should be first damped^ stretched over frames and listened 
with tacts on the outside. A coat of whitening consisting 
of chalk and glue is given over the cloth. On no 
account shall whitewash be used as it rots the cloth* 

10. CHIMNEYS & FIRE-PLACES 

BrJeJe Chixkiaeya for Factories 

Brick thlmney shafts should be constructed throughout 
with bricks aud mortar of the best quality; should taper 
uniformly from base to top at the rate of not less thau one-* 
third of an inch to the foot. Circular form is considered 
to be the best and most stable. The flue must be circular* 
A circular chimney should not exceed 35 times its internal 
diameter in height* The thickness of Uie enclosing brick-* 
work at the top of a chimney shaft and for 15 ft. below the 
top should be at least 5 ins. and should be increased to 
onc-half brick for every additional ao ft. or part thereof 
measured downwards. If the inside diameter at the 
top exceeds 4 fi.-6 jns*, the top length should be 1} bricks 
thick instead of i brick thick. The width of the shaft 
at its base should be at least one^tenth of the height for 
square shafts, and one-twelfth of the height for circular 
shafts* Circular steel reinforcing hoops may be provided 
not less than } in. ins*, built into the brickworfcat each 
change of wall thickness, and just above and below the 
flue openings. 

Caps tic head of chimney together* The footings should 
spread all round the base by regular offsets to a projecUon 
equal to the thickness of the enclosing brickwork at the 
base and the space enclosed by the Footings should be 
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filled in solid as the work proceeds. Scaffolding used 
for building a chimney should be so arranged that it 
does not prevent the chimney from setting. 

A chimney shaft should be provided with independent 
lining of fire-bricks ins. thick and separated from the 
masonry enclosing the shaft by a cavity at least i in. 
(prefer about 3 ins.) and the cavity should be covered at 
the top with corbelled brickwork. 

Wind pressure for calculating stresses in chimneys and 
tall structures has been explained elsewhere. 

Height of Chimneys 

No exact formula for the height of a chimney can be 
given which will be satisfactory for all types. Height 
is generally based on the horse power of the boiler or 
boilers served and the amount of coal burnt. 

Chemical works arc usually required to have their 
chimneys at least 250 ft. high to cnsxue that fumes are 
discharged well abwe the town. 

Power station chimneys should have a height not less 
than 2| times that of the highest point of the sution roof 
or adjacent buildings. 

Thcarra of ckitm^s is proportioned to the amount 
of coal consumed and differ slightly with the quality 
of the coal. In England the common practice is to have 
the chimney area one-eighth of the grate area. Coal 
burnt per hour per sq. foot of grate is about 20 lbs. average 
steam coat 

Domestic Chimneys and Fireplaces 

Fireplaces in a house of more than one storey usually 
stand one over the other, the flues from the lower rooms 
being carried to one side or the other of the fire places 
above. The depth of ordinary grates is not less than 14 
inches and not more than 18 inches. The width of fire¬ 
place openings vary from 18 inches to 27 inches for small 
rooms to 42 inches and upwards for large rooms. The 
height of a fireplace should be 3 ft.-3 ins. for ordinary 
grates. 

Floors beneath and around every fireplace should be 
of concrete or similar fire-proof material which should 
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project iS^ins. in front of the jaLmbiand e^itcnd 5 ina, on 
cadi Jide of the fircplicc opening. TTiC jambs of a fire* 
place opening should be at least g in$^ in \vidth» and the 
back of the chimney opening in a party wait should be g ins, 
thick up to la ins. above the top of the opening* Where 
the flues in a party wall are not Wok to back the required 
9 ins* of solid wall at back of the fireplace should be carried 
up to the floor of the room above. In an external or 
internal wall the back of the opening and aU sides of the 
flues should be at least 4!^ ins. thick. Whenever possible 
flues should be placed on an inside wall as with flue on 
an outside wall most of the heat gained from the flue 
is lost* 


No timber should be placed nearer than 9 ins* to the 
inside of amy flue or chimney opening and within 15 ina* 
from the upper surface of the hearth. 

5 “!^/ ^ Fttits: — 

9" X 9'* ——for small grates 
ia"X n") 

16" X 9" ) —ordinary domestic fireplaces 
14*^' X 14"-for large kitchen ranges* 

A flue should change its dirccdon by gradual curves 
and Inclinadons at an angle of not less than 45*, other¬ 
wise soot will accumulate. Every fireplace shotild have a 
separate flue, but all flues may be grouped on the top in 
a single stack. Render the inside of a flue as it is built 
up, with I lime and 3 cowdung or with lime and hair 
mortar. Umc mortar may be with i lime and 3 surkhi, 
but preferably add cowdung. Sometimes, t cement, 3 sand 
and I part cowdung are also used. This is called 
Big size flues are lined with fire-bricks 44 ins. 
thick for a height of at least 10 ft. 

Shqfli and Staeks 

Chimney stacks or smoke fiuts should be carried up 
at least 3 ft. above flat roofs and at level of ridge in 
pent roofs. Shafts should be 4i thick minimum. 

Steel Clutnneya. Are usually cylindrical in shape 
With a Wide curved flare at the botiom. A heavy hie 
plate IS provided to which (he chimney b riveted and 
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If vU flalitMi. 

wt. 
teijht 


-£ ■—^ 

I iSpralqi I 


roiKidadon by holding-down 
™HtJw A BtcoJ chimney 9 ft. dia. and '»« ft urnt. - 
a 3/16 in. thidt T^U 

ti. LINTELS 
The loads coming on a 
Untel are uncertain and are 
j»nsidtiTd to depend on the 
a^'^hing* action of thtEnasoiiTy 
abw. If the height of the 
wall above the lintel is greater 
t|mn o^^6 Lj die weight on 
the Irntel is usually assumed 
as tlmt of an equilateral j 

i" <*"“*«■««'««> take L as effective 
iMle^ of clear span). This total weight is consi. 
dered as uniformly distributed load over the inan 
liDtel designed with BM=WL/6. ^ 

_^i^=o .433 L'xihicfcneas of wallxwt. of one c, ft. of 

1: “f*“* applies when the masonry above th, 

hntel IS well bonded and the walls on both sides of itw 

the_^ective span should be taken In . ^ 

nibbfcwallsor walls in mud. it ft Ser^lX^ 

« nj^smi, l^atded with height of wXo,^"!' 

ffeell''The"ifri.!?^'?’T” *J‘'™ *>>' nwrtar is still 

mulh gS.%^Xpth"J« fr* ‘ “”P^“ 

lintel Tould be S™, ^ 

*c ^rur has fuil^hanlen^ bridilaying till 

Tjpi£^ cjtJts * 

load on the waJL ^ 
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(^) Should another opening occur in the triangle 
thus formed on the lintel top, the load on the lower lintel 
will be that portion of the triangle not covered by the 
opening plus the triangular load on the upper opening. 

(r) With a concentrated load falling innde the A» 

take weight of the A ks explained before plus the load 
concentrated over the span. 

W. is the concentrated load. 

6^4 

Some engineers assume the load distribution at 60* 
from a concentrated load occuring inside or near the load 
triangle. 

(<0 With a concentrated load above the add the 
weight from the concentrated load to the weight of the 
^ and consider the whole as uniformly distributed as 
before unless the concentrated load is more than L feet 
above the apex of the A which case it may be negleaed. 

Uniformly distributed floor loads above the equilateral 
triangle are disregarded, but such loads falling within 
the triangle arc consideird by taking into account only 
that stretch lying inside the triangle. 

Deflection of a lintel should not exceed 1/480 of the 
span and overall depth should not be less than 1/20 of span. 

Stone Untel* 

Depths«i in. for each foot of span+i m. 

For 5 ft. span it will be 6 ins. 

(Also see under “Stones”) 

R. C. Lintels 

oil D=cfrectivc depth of lintel in inches, 

D—0.310 Li L=»effcctive span in feet. 

For small spans and ordinary loads, take 6 ins. depth for 
^ ft. span or under and add 1 in for each foot of span. 
lUiaforcement for R. G. Lintels; 

For each 4I ins. thickness of wall carried the reinforce¬ 
ment may be as follow:— 

One i” dia. bar for spans under 4 ft. 

One dia. bar for spans 4 to 7 ft. 

One I” dia. bar for spans 7 to 10 fL 
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ban should bc^ hooked and alternate (central) 
bars ^nl up. It is advisable to provide two ban of J in. 
or I m. diameter at the top to assist in assembling the 
reinforcement cage and to bind all with J in. dia. stirrups 
at 6 to 12 ins. centres. Pre^t lintels may be used up 
to 4 ft. span. 

For stone walls the depth of the lintel should be increased 
by about 10 per cent, and rods by about 25 per cent. 

Rods should be l^nt at a distance of between L/5 to 
ihe caga of the opening to an angle between 20 
to 45 degrees. (See under “Reinforced Concrete*’). 

Be^ng of linteb owr walls should not be less than the 
depth of the lintel with minimum of 6 ins. for 
or coursed rubble walls and 9 ins. for random rubble 

and Bcftma over FoandatioB Piles 
. abow simple design methods of supporting a 
^iangular wci^t of brickwork is considered unecononucal 
lor low superimposed loads. The following method is 
recomnaended by the Building Research Sution, Watford. 
England :— * 


When there are openings near the support, take Bending 

Moment of WL/50. and WL/ioo when there are^ 
openings, or opening are at mid-span. W is the weight 
ol the rectangle of brickwork immethately above the 
plus the superimposed load on the span. If there arc live 
loads at beam the same should be taken independently 
tn addition to the composit action of the wall. The 


in addition to the «vuuu 01 uic wan. 

ratio of depth of beam to span should lie between 
and t/20. 


*/»5 


For deep walls the reinforcement may be considered 
enccuve up to i/io span from the lovrer edge; for a shallow 
p^el up to I span. The application of the above design 
rules should be restrictea to where the depth is 
not less than o.6xspan. It is desirable to provide some 
top steel in the beam over the supports and also some 
nonunal shear reinforcement near the supports where 
openings occur near the supports. 
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The Steel eclnforccmenc may be deseed with a 
“moment arm''* of lx depthj with a limit (if 0.7 times 
the span of the wall- 

These design rules are not applicable to rolled steel 
beams* 

Addition of some Ught reinf o r ce m e nt in the bride 
panels will be of value in strengthening the wall against 
the effecta of unequal settlements and shnnkage, 

SITING OF BUILDINGS. ORIENTATION 
AND VENTILATION 
Orimtatioii of B-nJ l di ng a 

Heat and humidity are the two controlling factors 
in the design of a dwelling* Indian clLmate is classified 
for design purposes cither hot-arid Or hot-humid. Hot- 
arid climate is characteriicd by the high summer day¬ 
time temperatures, low relative humidityj wide diumal 
temperature variation* Characteristics of the hot-humid 
climate are low summer day-time temperatures, high 
relative hi nudity and low diurnal temperature variation* 
Orientation of a house has a great induence on the comr 
fort conditions indoors. 

The following Drientadoos arc suggested according 
to the prevailing monsoon winds ; 

Hot dty muM j 

Northem India — Orient along e and lacing n. 

Central India — Orient along e-sk and w-nw, 
facing H — tm. 

For orientation in Delhi the best poddon of a building 
is considered when its longer side makes an angle 01 
32 1 deg* on the East-West line towards East-South* 

Hot humid ortAJ *■ 

West coast regions—Orient along e£ and hw^ facing Aw, 

East coast region*—Onent along sk and nw, ladng siw* 

Bengal —Orient along! and w^ faerngs. 

(Based on the results of the experiinenls coodiicted 
at the CentEal Building Research Insdtute^ Roorkec.) 
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In hoi clLmates living Toatm on the south and weft 
fidcsi should be jprotected by veran- 
dahs, batha^ and storesj etc. But In 
hill stations living rooms arc gene* 
rally open on the south and Yvest 
sides for the sun. In long buildings 
such as hospitals^ schoots^ one of 
the long sides should face north and 
south and west protected by veran¬ 
dahs. Drawing offices and dark 
rooms should be Located on the 
north side. Sunshades need be 
provided only on the south and wen 
sides. Eastern or north-eastern corner is the best 
kitchens. Kitchens should have cross ventilation. 
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for 


For bed rooms at least one wall must be on the outside 
for good ventilation and the room should be placed in the 
direction of the prevailing wind. Latrines or w. os^ 
should be so located that the wind passing through them 
should blow in a direction away from the house. 

For proper ventilation (air and light) the height of a 
house (from plinth to top) should not be more than twice 
the width of the streets This is called 63!° rule » 

Height of lilving RoonUr Beyond a certain point in¬ 
creasing the height cl a room in pieference to noor area 
would not be of much use as regards ventilation- Maxi¬ 
mum useful height considered ts 10 to 12 ft-^ but a height 
of less than J a or 14 ft- docs not make a good residential 
room. Height of a cellar or basement, mezzanine floor^ 
store, gallery or a verandah shall in no part be less than 
7 fu-€ ins. Lofty rooms are cooler. 


WLodaw Arcm for I>welliiiga : 

A window or windows {dear of the sash frames) should 
have openings into open air space of not less than i/joth, 
or an aggregate opening of doors and windows of not less 
than i/yih, of the Aoor area of the room; or a window 
opening of 2% 5 sq- ft, per head in living rooms, whichevef 
is more. Gallon prescribes: 1 sq. fu window space per 
too to 125 C- ft^ of room content in dwelling houses^ and 
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I sq. fk. of window space per 50 to 55 c. fk. in hcopitali. 
Ventilators should be provided at the rate of sq. ft. for 
every 500 C. ft. capaclly of such rooms^ 'Fhe min: area of 
an opening for venilaiiori should b= 3 sq. ft. The dlls 
of windows should be about 2 ft.-6 ins. above the room 
floor level. The ventilators shouid be fixed as high as 
possible under the ceilings. 


Factories and WiurehonH Bnilcliiiga, Every room 
should have doors with clear opening not less than 1/15t!i 
of the floor area, abutting on open air space, of wid th not 
less than |rd the height of the part of the building abut* 
ting such open space, 

Tempetaitiire VkriatioiiB in Stnictwc 
In India the max. daily range of shade temperature 
is about 30** F., and the yearly range about 8o°F., and 
m the sun, about 80’ F. and t30*F respectively. TTjc 
normal average temperatures may be taken as to^F. m 
the plains and 6o^F. in hill stations. 

^pansion and contraction due to temperature 
changes may be provided for in vanous structures as 
follows; 


Sled! t=cpoKd to luji 

$lct3 ihaded from ttie luo *, 

Mwir y and coocrcte exposed to the lua 
Masoary ud emorete shaded fimn the nm 
Stmetures in. oontact with water 


±*/„: 

±V..'‘ 


Jn lOD 


In hill and coast sutions the variations in the tem¬ 
perature are about ]th of the above. 


13. PROTECTION AGAINST WHITE-ANTS 


Damp-proof courses or cement concrete floors give 
good protection against while-ants. The following methods 
also offer protection : 

(i) A solution of i lb. of copper sulphate in 4 gallons 
of water in the mortar* This solu tion also protects wood, 
takes two days stc»ing per inch of wood. 

Jjf) A layer of about 3 ins. washed sand under floors, 
fill) The filling under the floor is made up of sand and 
cindm over which a sodium arsenate solution is spread* 
fwj Yellow arsenic in mortars in the proportions of: 
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Concrete, 4 lbs.; masonry and plastei, | lb. per 100 e. ft. 

(0) For a site infested vrith white-ants, the following 
method u recommended in the Madrats P.W.D. Speci¬ 
fications :— 

“The whole area proposed to be occupied by the btiild- 
ing together with an extra width of 10 it. all round shall 
be excavated to a depth of 6 ins. and soaked with water. 
Spreading wet straw over the area brings the ants to the 
surface. If a white-ant's nest exists on nte, its presence 
%rili become evident in a few days, whereupon the nest 
should be completely dug out, the queen ant destroyed, 
and the nest flooded with bmling hut water containing a 
solution of arsenic.** 

[ArstnU bting a poison should not ho used on surface works.) 
14. PLASTERING 

SoHace Prcparatioci- Surfaces to be rendered must 
be clean and fm from all dust, loose material, grease, 
etc., and be well %retted for a few hours; but the walls 
should not be too %vet as plastering on wet walls is seldom 
satisfactory. A good *‘key" is essential for a successful 
rendering and for avoiding cracking and crazing. All 
joints in the masonry should be raked out to a depth of 
at least 1 in. vnth a hooked tool made for the purpose 
whilst the mortar is sdll green, and not later than 48 
hours of the dme of laying. Joints should not be rak^ 
out with a trowel or a hanuner as the edges of the bricks 
get chipped. The brickwork should be bn^ed down with 
a stiff wve brvtsh so as to remove all loose dust from the 
joints, and thoroughly washed vrith water. On old walls 
It may sometimes be advisable, to ensure a good key for 
the new rendering, to destroy the smooth sviface of the 
brickwork with some tool. If the walls are washed over 
with a solution of one part hydrochloric acid to ten parts 
water, it has the effect of bringing the grains in the brick¬ 
work to the sinface. The add solution u left on for about 
a quarter of an hour and afterwards washed off very 
thoroughly with water. 

Plaster may be applied in one, two or three coats; two 
coats are usually sumdent. Thm coats would be used 
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only on wood or metal lathing or on a very rough, uneven 
back ground. The thickness of the first coat should be 
just efficient to fill up all imcvennesses in the surface. 
No single coat slic^ld exceed } in- in thickness; lower 
coats should be thicker than upper coats. Thick coats 
shrink more and crack. Under coats of coarse stuff should 
be allow’ed to dry and shrink properly before subsequent 
coats are^ applied. Following up with finbhtng coats 
too soon is a common cause of cracking and crazing. A 
good key for all stages of plastering b essential. When 
applying another coat of piaster, the previous plastered 
lu^ce should be scratched or roughened before it is 
fully hardened to form a mechanical key. The method of 
application of the mix influences the adhesion; if thrown 
on, the mix will stick better than if applied by troweL 

All plasters shrink on drying. Much fine material 
makes for high shrinkage; it may also interfere with the 
setting of cement plaster. Fine sand is often recom¬ 
mended for plastering but it should not be so fine as to 
pass more than 5 per cent through a 100 mesh B. S. sieve 
or more than ao per cent through a 50 mesh sieve. 
Rich mixes tend to develop a few large cracks; weaker 
mixes, finer and distributed cracks. A strong coat 
should not be applied over a weaker one which would 
be unable to restrain its movements. 

Lime jplaster. The lime used for plastering ranges 
from fat lime to strong hydraulic lime. Fat lime is most 
commonly used on account of its yield of lime putty and 
its ease of application. Hydrated lime is generally prewred 
to the lirne which has to be slaked by hand as the 
hydrated lime can be used atonce whereas the ordinary 
slaked lime must be kept in the form of a putty until slaking 
is quite complete; but fresh slaked lime is better as regards 
qu^ty. Coarse sharp sand should be used with lime. 
Lime and sand plaster b weak and soft and takes a long 
time to harden. Fme stuflT for finishing coats b made 
by m ixi n g water %vith a thoroughly slaked lime to bring 
it to the consbtency of cream; it b then left to settle, the 
sup^uous water poured oflT and the water evaporated 
until it b of proper t h i cknes s. An equal volume of fine 
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sand is then added. Lime mortars should preferably 
be gauged with cement. Surkhi is also ad<^ with a 
lime mortar. A lime plaster should not be finished very 
smooth on walls whi^ have subsequently to be white* 
washed as white-wash will not stick to such a surface. 
Proportions of mortars have been given before under 
**Expanded Metal Lathing and Plaster Partitions*' and 
under "Mortars and Concretes” in Section la. The 
plastered siuiace must be kept wet for several days to 
prevent cracking. 

Cement mortars should preferably be gauged with 
iat lime. Cemcnt/lime/sand mortar hardens slowly and 
reduces cracks; adding of lime adso gives easier working. 
Sand used should not be very fine; if sands of uniform 
particle size are used in a cement/lime mix, the mix needs 
an excess of water and this may result in low strength and 
high shrinkage. (See under "Cement/Lime Mortars” des¬ 
cribed befcxre in this Section and "Mortars and Concretes** 
in Section 12.) The phtstered surface must be watered for 
several days to prevent cracking. All plaster-work should 
be dried slowly avoiding drai^ts and exposure to excessive 
heat and sunlight. Over-rapid drying produces cracks. 

To ensure even thickness and true surface, patches of 
plaster about 4 ins. to 6 ins. square or wooden screeds 
3 inches wide and of the thickness of the piaster may be 
faxed vertically about 6 to 10 ft. apart to act as gauges. 
Trowels for plastering have face mcasiuing about 10” X4I”. 
Wooden trowels produce a sandy grannular surface. 

Defects in Plsstcirwork. (il Cracks are chiefly due 
to : (i) Structiual defects in building and disconUnui^ 
of surface; (ti) Plastering on very wet back-ground; (utj 
Old surface not being propertly prepared ; (to) Ow- 
rapid drying; (a) Excessive shrinkage of the plaster due 
to thick coats. (2) Pitting and Blowing are due to 
faulty slaking and hydration of the lime particles in the 
plaster. (3) Falling out of plaster is chiefly due to : (i) 
Lack of adhesion for not having formed a proper "key** 
in the back-ground; {u\ Excessive moisture in back-ground; 
(m) Excessive theniw changes cither in back ground or 
plaker; (w) Rapid drying; (p) Insufficient drying between 
each coat hS plaKcr. 
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RepAliiiig Cracks In Flutcr. Hair cradd in 
nlastcrti^ generally disappear with white-waihing. 
Wider cracks can be filled in by forcing down a mortar 
coniu5ting of i : 2 ; 7 by weight of plaster of Pari^ cement 
and sand. Only that much quantity should be mixed with 
water which can be used up in half-an-hour’s time* 

Ardiitcctiiral Plmster Finlahci 

(a) cast. A wet plastic mix of 3 parts cement, 

I part lime, 6 parts sand, and 4 parts of J-in. to^in^ shingle 
or mashed stone, which is thrown on to the wall by means 
of a Koop or plasterer's trowel. 

(A) Ptbblt-£uL A 1 in* coat of i ppt cement, 1 part 
lime and ^ parts sand upon which, while it is still soft, is 
thrown J-m. to J-in. shingle, 

(c) Ormmmiai Jinishts* A mix of approximately 
1 part cement, it parts lime and 6 parts sand which 
aftCT application is figured by the use of combs, troweb 
or spedm tooli. 

Plaatering on Lafhiiig^ Lathing forms a convenient 
base in some forma of construction for plaateiing on walls 
and ceilings* Metal lathing is most commonly used 
which is fixed to timber supports by galvanized wire nails 
or staples at short distances. It is also often used to 
l^dge the junction of two dissimilar backgrounds, or to 
provide a suitable key for plastering over a wooden beam* 
Met^ lathing may be expanded metal, or woven wire, 
et<L, which should weigh not lew than 3 lbs* per sq. yd. 
except when used to provide a key* Lathing must be st¬ 
retched tight with the help of some tenaon devices such as 
mild steel rods as plaster will crack on a loose lathing. 
Cement slurry should be brushed over the lathing after 
rust has been cleaned* Most common defects found in 
plaster on metal lathing arc extensive crat^g, particularly 
along the line of fixing of the Lathing to its supports, or of 
unevenness of the finished plaster surface. Plastering 
on expanded metal lathing has been dccribed previously 
under "Partition Walls.*' 

Wooden laths arc sometimes used for architectural 
works such as pattern staining- Laths must be of weU 
Reasoned wood* Such laths consist of strips of wood of 
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iiz« f[. to 4 ft^ long, and i by | in- to } in, in section. 
Wcyiden laths should b* thotoughly wetted before platter 
it applied. 

POINTING 



Pointing should be done whilst the mortar 
in the joints is stiU green. The siirface of 
(he work should be prepared as explained 
under **Plastering.” When commencing 
masonry work each day, the first thing to be 
done, if the surTaoc is to be subsequently 
pointed, is to rake out the face joints of all 
masonry which was finished on the previous 
day. 

The joints must be well wetted in old work before 
pointing as the mortar will not stick on to a dry surface- 
The work pointed should be kept wet for at least three 
days. 

There arc about half a dozen types of pointing but 
most common are the flush, weathered and grooved or 
ruled. Weathered pointing is used for horizont^ joints 
and grooved for vertical joints of walls; flush poinbng is 
used for all vertical and horizontal joints in walls which 
arc subsequently to be white-washed, and also for fiooci. 
Mortars for pomling have been given under “Moitan 
and Concretes" in Section 13. Also sm under "Gcmcnt/ 
Lime Mortars” described before in this Sectioru Miaet 
of the composition of i cement, 3 Lime, to sand by 
volume or even 114:16 mixes have been used sucoaifufly 
for bedding and pointing but mixes oft 13 ^qnrj ;t ;S 
should be preferred. Mortar must be well pressed into 
the joints. 

15. WHITE-WASHING & COLOUR-WASHING 
The white-wash is made from pure fat lime (white 
stone) or shell lime. The lime should be brought to the 
work in an unslakcd condition. After slaking it should 
be allowed to remain in a tank of water foe twO' days and 
then stirred up with a pole until it attains the consistency 
of thin cream. Gum or rice water is added where nece¬ 
ssary (2 O’ZS, of gum to i c. ft. of lime). Before any lime- 
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wash OT colour-wash is applied to a sur&c^ it is essential 
that all loose material and dirt shall be removed with a 
brush. Lime putty h used to make good all holes and 
irregularities of surtace or minor repairs, which should be 
let to dry before white-washing. All greasy spots ahould 
be given a coat of rice w^ater and sand, and surfaces dis¬ 
coloured by smoke given a wash of a mLxture of wood 
ashes and water or yellow earth, before the application of 
the white-wash. 

The Unic-wash should be strained through a coarse 
cloth or sieved through a fine wire gauze before applying. 
The coats are given alternatively vertically and horizontally. 
One stroke is given from the top downwards and the other 
from the bottom upwards over the first stroke and similarly, 
one stroke from the right and another from the left over 
the first brush before It dries. Each coat should be let to 
dry before applying the next coat. If about ral lbs. of 
salt dissolved m hot water is added to L cwL of lime and 
1^ lbs. of glue, the white-wash will riot easily rub-ofL 

Whlte-wuhing Gemeal Concrete. Wash the concrete 
surface with soap suds, scrape 06* all grease with a wire 
brush, give one coat of sodium silicate and water t : 5. 
Allow to dry, apply white-wash. There will be no scaling 
or flaking off after this treatment. Cement paints have 
been described elsewhere. 

An excellent white-virash that wiil adhere to stone, 
iron or glass may be made by scattering | to i part by weight 
of tallow In small lumps over ifi parts of quick]ime,slaking 
it with only just suflicienC water to form a thick paste, 
sdrring occasionally to assist in dispersing the taUow,and 
allowing it to stand undl cotd. The resultant paste 
should then be let down to a thin wash, which is strained 
and applied in the usual manner. If tallow cannot be 
obtained some other oils or fats, r.g. linseed oil, or castor 
oil can be used' prefer some common vegetable oil and 
mix about to per cent by weight of dry lime. If the 
oil docs not swnify and incorporate with the lime, it should 
be boiled a uttle until the od disappears. The oil forms 
with the lime an inwluble soap, which when once dry, 
will not wash off with heavy rain. 
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Coloor-Wuliing 

^ Buff Colour : Slake 4 lbs. lime with 3 gall, of water. 
Dissolve 10 ozs. brown earth in ^ gall, water and mix. 
Boil 2 ozs. gum in | gall, of water. Strain all the above 
through a doth and mix. 

Cretn Colour : Lime as for above. Boil 7 lbs. fresh 
mango bark in | galL of water for 2 minutes. Boil 2 lbs. 
tootya (blue stone or vitriol) in ^ of water. Mix. 
as above. 

In replacing one colour with another a coat of white¬ 
wash should be given or the old paint scraped off, before 
the new colour is given. Gum or rice water should be 
added as for white-washing. 

Distempeiiiig 

Distempers form a cheap, durable and easily applied 
decoration for internal use on plastered, cement con¬ 
crete and various wall-board siuiaces. 

New plaster should be allowed to dry for at least two 
months before any treatment is attempted. New lime 
plastered surfaces should be washed with a solution of i 
vinegar to 12 of water, or i to 50 sulphuric add solution 
and left for 34 hours, sdter which the walls should be 
diOTOughly wsuhed with dam water. If the plaster con¬ 
tains cement the surface should be washed over with a 
solution of I lb. of zinc sulphate in one gallon of water 
and then allowed to dry; before distempering it should 
be wiped with dean cloth to remove any cfflmescence. 
No distemper need be done till after 12 months of the 
lA^lls having been plastered or white-washed. Distempers 
pve poor results in wet locatioiu; should be applied in 
dry weather. 

Troubles with distempa are nnost often due not to 
^e material itself but to its use on surfaces that have been 
insufficiently or incorrectly prepared. All loose and 
flakij^ material should be removed from old walls by 
scraping or wire bribing. To get good results it is ncc^ 
ssary to apply a priming coat (as recommended by the 
makers). It often happens that fresh coats of distemper 
pull off the old coats as the old coats absorb water from 


7/76 INDIAN PRAOnCAL CIVIL ENCINBEJU’ HANDBOOK 

the new distemper, the adheskm becomes reduced, and as 
the new coats contact in drying out, they tend to pull 
oflT the old distemper. On new lime plastered walls 
distempers should l^ applied in two coats over one coat 
of priming. On old lime-plastered walls covered with one 
or two coats of hard dry white-wash, one coat of distemper 
without priming can be used, but a coating of warm 
glue is u^ul. Distempers grow dark with age. Slight 
stains on distempered walls can sometimes be removed 
by a soft wet cloth. 

Disperopers are: oil-bound washable paints, washable 
oil-free distempers, non*washable distempers or emulsion 
paints. Distempers should be fast to rubbing with fingers. 

Distemper should not be mixed in a larger quantity 
than is actually required for a day's work and should be 
kept well stirred and applied with proper dutemper brushes 
(and not with white-wash Ix^ishcs}. In applying the dis¬ 
temper the brxish should first be applied horizontally and 
then immediately crossed off perpendicularly. Brushing 
should not be continued too long as the distemper becomes 
sticky and brush marks results. After each day's work 
the brushes should be washed in hot water. Hot water 
should be used in preference to cold water in preparing a 
dbtemper. (Also see under "Paintirtg)." 

i6. STABILIZED SOIL FOR BUILDING 
CONSTRUCTION 
(Also see “Soil Mechanics'') 

SoU-ccmcnc 

The addition cf cement to a soil improves its compre¬ 
ssion strength and also makes the soil highly resistant to 
the softening action of water, which b thus made stronger 
and more durable than the untreated soil. Percenuge 
of cement required depends upon the soil characterbtics. 
Sandy sods can be stabilized by the addition of 5 to 
15 per cent, of cement; the higher the clay content the rnore 
cement b neede 1 . While mixing cement with soil, ade¬ 
quate water must be provided for the hydration of cement. 
As local soil has usually to be used, and since the properties 
of soib are very variable, small scale experiments must 
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be made before attcmpdng a my project The trcaied 
$oil must have a specified compression strength, 

A prellmmary estimate of the suitabilitjf of a soil for 
stabilization can be obtained from its partidc siac analysis^ 
liquid and pl^tic Hmits and the results of compression 
tests on cubes or cylinders of un-treated and trrat^ soils. 
Weathering test can be made by subjecting the spednuns 
to cycles of alternate \^^tting and dpfing. In stabiliza¬ 
tion using resinous or bituminous admixtures^ the effective¬ 
ness of the admixtures b determim^ by mc^uring the 
weights of v^'ater, cither absorbed in a specified tirnc by 
completely immersed dbe-shaped speciine^ or picked 
up by capillary action by small cylindrical specimen 
which have only their lower faces in contact with water* 
Satisfactory mixes absorb very lildc water. . 

Soil can also be stabibzed by the addition of the 
following materials of which the walls can either be made 
directly, or bricks moulded in the normal way and 
sun-dncd, and waib built as with ordinajy bricks, 

(ri) 4 per cent, lime ; 

(n) il per cent, ccmcni-l-at per cent, linie ; 

(mi) 0.5 per cent, (about t gall* to ilO c, ft* of soil) 
of liquid Asphalt. Mortar for jointing bricks is prepared 
with 1 per cent, of bitumen* 

Soil, which is normally considered suitable for manu¬ 
facturing ko^ka sun-dried bricks* is procesed to the 
consistency as roqubed for manufacturing such brides 
and the bitumen is intermixed thoroughly by kneeding 
the puddle* 

The addition of hme to the soil lowers the high j^Iastidty 
index of day and retards its tendency to develop ihrinkage 
cracks (along with the sand added to it)* The addition 
of cement and liquid asphalt helps to increaie reusiancc to 
water ergaion* 

(Extracts from the Papers publiabcd In the Institution 
of EngLoeeis (India) Journal of Sept., ^ issue, and the 
reports published by the Hirakud Research Station)* 

Soil-cement has been used for house construction in 
the Ptinjab and elsewhere which has stood Ac weathei' 


1 
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very w«ll. Local soil which b normally oomidered siii tabk 
for manufacturing bricks was generally used, and the 
method led to very tpcedy construction. Detailed sped- 
6cations of the houses built in the Punjab have been publish¬ 
ed by fndian National Society of Soil Mechanics and 
Foundation Engineering* from which the following brief 
notes are given:— 


Soiii gradingt 
Sand Content 
Liquid Limit 
Flajtjcity Index 


Total solids 
Sodium Sulphate 


Not less than 35% 

Not more than 35% 

Not less than Q. 5% and 
not more than ]0«5%> 

Not more than 
Not more than o»to%. 

Te«ts, The crushing strength of blocks 2^3 inches 
in diameter, made out of the cement-soil mixture actually 
used* shall not be less than 400 lbs. per so. in« TTie dry 
bulk density of the compacted cement soil mixture shah 
not be less than t^So. “Optimum moisture” shall be 
added to the cement soil mixture before compaction. 


W«atlier reaiatmnn test shall consist of 13 cycles nf 
the following process made on soil blocks: (a) Immersion 
of blocks under water for 5 hours at room temperature^ 
(A) Heating U in an oven for 43 hours a 170" C ; (e) Cooling 
it for an hour at room temperature and brushing off loose 
maleriah The specimen at the end of 13 cycles shall not 
have lost more than 3 per cent ofits weight* lo pass the teal. 

The outside plaster shall have at least an adhesive 
strength of i 3 lbs. per sq. in. when ttvo blocks* u for com¬ 
pression strength* arc joined together with the plaster. 

Ptasiicity Index of the soil is determined roughly by 
the "‘swngc test*** which consists in extruding the wet soil 
from 4 in. diameter holes and judging the plasticity 
index from the state of surface on the Aments of soil 
extruded. 

Freshly dug soil is so pulverbed that not 1 cm than 85% 
of U posses through 5/16 in. screen. The soU is tested, 
mixture codTrected* required quantity of water added and 
left overnight to soak. Next morning cement is added and 
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muLrd up thoroughlyi^ O^meut shall not remain in contact 
with moist soil for over f hour before compaction. 

Fcmndlatiaiu, Crmcnt-soil blocks with 7.5 per cent 
have been successfully used, but subsequent research 
show& that 5 per cent soil rammed in situ should serve the 
purpose* 

Walla In m| i* i a tii nnm re. 2*5 per cent cement-sol) 
mixture at optimum moisture^ rammed in siiu between 
shutterings^ and t2 inches in thickness. 

Roofing, The eonventional type of roofing used In 
the arean Cement concrete bed plates placed over grooves 
made on the walk 

Parapet, Cement soib with burnt bricks in cement 
coping, ^ejecting slightly beyond the wall on each side* 

Pluter. On, the outside walls with i :5 cement; sand, 
} in, thick over a coat of cement wash. 

The cement-soil mixture shall be wured into the 
shutterinii^ In byers of 3 ins. at a time* tkHnpaction shall 
be done by means of Iron rammers 16 lbs* in weight. 
Vertical joints shidl be provided not more than 6 ft, apart 
and horizontal joints 3 to 4I ft. apart. (Joints arc made 
with the same principles as for R*C*C. works). Vertical 
joints arc made by using end pb tes. Horizon tal joints shah 
be formed by hnishing smooth the rammed surface at 
the end of the day^s work and sprinkling dry sand over 
it before starting work next morning, Indi^uaJ layers 
shall not be hmshed smooth, though they shall be horizontal 

Torm^wwk, The form-work shall be of the diding 
type and shall consist of wooden boarding q ins. wide and 
at least a ins. thick. The boarding shall be supported 
by vertical stiffeners at least 4 in. X4 in, if wood^, or 
11 in. X 11 in. X ^ in, if of angle iron, spaced not more than 
3^ ft. apart* These stiffeners shall be held in position 
by nacaruor spacer bolts f in,dia*, passing through the stif¬ 
feners and the boarding, and adjusted to the exact ihJck- 
nes* of the wads. The shuticTing shall be made in lengilis 
not more than ii ft. each and in case of angh^ and tees 
of wall comen, each leg shall be about 8 ft, Thr end 
plates shall be plain or lon^rd depending on whrther it 
It is an opening or a sxrticarjoint. 
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Goring. The d^ing of the compacted walls shall be 
controlled by sprinkling water from time to time for about 
10 to 14 days. For another 2 to 3 weeks further natural 
drying out of the walls shall be allowed to let maximum 
shnnkage take place. 

Fini shin g and Plastering. Immediately after com» 
paction while the wall is still green and soft, all unevennesss 
shall be scraped off to make the wall £»ces reasonably 
even to receive piaster. On the exposed wall faces, a coat 
of cement wash consisting of 1 part of cement to 3 parts 
of water by volume shall be thrown evenly on the wall 
Md allowed to set overnight. Before plaster is applied, 
it must be ensured that the cement wash is sticking rigidly 
to the face and does not rub-off with the fingers. If 
it docs, it should be rubbed off with a soft brush and 
new wash application repeated. Only fresMy prepared 
cement wash shall be used. 

Soil-cement Floors. The following specifications 
will make a good floor: 

(«) Soil-cement mixture containing 5 per cent cement 
plus 30 per cent brick ballast piassing 1 ^ in. gauge, compact¬ 
ed 3 inches thick, {b) Soil-cement mixture containing 5 per 
cent cement compacted at optimum moisture %^th hand 
rammers in 7 ft. x 5 ft. sla^ 3 inches thick. After the 
slabs are cur^ for a week with a frequent sprinkling of 
%^tcr, 113 cement-sand (fine) plaster is applied 4 in. thick 
in 2 ft. X2 ft. sbbs. Loam soil with a plasticity index 
of 8.^ to 10.5 and a sand content of not less than 35 per 
cent IS used. (For “loam” see under “Soil Mechanicx .) 
(Based on the results of the experimenu carried out at the 
P.W.D. Research Laboratory, Karnal, Punjab.) 

17. FLOORING 

Preparation of Base. All earth filling under the 
flTOrs must be thoroughly rammed. All floors in conuci 
with the ground shall be laid on 4 inches lime concrete 
over 4 inches of clean dry sand. This will keep out 
damp and white anu. T^e lime concrete shall be laid 
true and parallel to what is required on the finished surface. 
All floors shall be perfectly level, except bath room and 
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verandah floors, which shall be given an outward slope 
of 1 in 64. A straight edge of a Iragth not less than 6 ft. 
and with parallel sides, as well as a 10 inch spirit level, 
shall be kept for testing the floor levels. 

Brick or Tile Flooring. The bricks or tiles shall 
be the best available selected for smooth (ace, good colour 
and hardness. The bricks may be laid flat or on ed^ 
and shall be well soaked in water when to be laid in 
mortar. The ground surface should be thoroughly watered 
and well rammed. For the floor to be laid in mort^, 
the bricks shall be laid with bed and vertical joints quite 
full of mortar. Where cement pointing is specified, the 
joints shall not be less than | in. thick, and s^ll be flush 
pointed after being raked out i inch deep whilst the mortar 
u still damp. The \%T>rk shall be protected from the effects 
of sun and rain, and shall be kept moist for 10 to 15 days 
after the pointing has been finished. 

For dry brick paving, the bricks will be laid on edge on 
half inch thick bed of mortar and the joints shall not exceed 
I inch in thickness, which shall be filled with dry sand. 
Top finishing of the dry brick paving may be with: (a) 1:2 ^ 
cement concrete { in. thick: {b) ^ in. cement plaster 113; 
(c) Cement pointing 1:3. 

Flagged Flooring. The slabs may be of unequal 
sizes but shall not be less than 14 inches in width or greater 
than 2^ ft. in lerigth, and not less than inches in thick* 
ness. The flags shall be soaked in %vater for at least one 
hour before laying and be evenly and firmly bedded in 
mortar. Places not firmly bedded can be found by 
Upping %vith a mallet Where no pointing is specifiea, 
no joint shall be more than |th inch in width and must be 
stnik off* flush with a trowel while laying the flags. Where 
pointing is specified, joints should not be less than ^ inch 
Rfide. 

Marble Flooring. All marble slabs shall have a 
minimum thickness of {th of an inch and shall be bedded 
in { indi thick mortar. The joints shall be kept as small 
as possible. When properly set, the floor shall be rubbed 
witn carborandum stone or hard sand and water and then 
with finer carborandum stone or with brick and emery 
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powdcT, iurfadt shall then be finally smoothed down 
with pumice stone. When the amooihing process has been 
completed, the surface shall be poUshed with putiy powder 
rubbed with felt pads, plenty of water being used. 

The flooring must have set fully before any waiting 
over is allowed and no load shall be laid over for at least 
7 days. 

Soil'Cement floors have been described under *'^Stabt- 
l^cd Soil Ibr Building Construclion”; limber floorsunder 
"Timber Structures" and Cement Concrete floors under 
‘Reinforced Concrete", 


i8. LIGHTNING CONDUCTORS 
(Bwd on the "Draft Code of Practice for the Protecdon 
of Br^dinga Against Lightning (1954)" issued by the In¬ 
stitution of Engmeers (India), and the B.S. Code of 
PracUce, CP 326. loi (194B)). 

lightning protective systems must be installed on all 
biiUdings and structures vulnerable to lightning strokn 
owii^ to (heir height or exposed situations; buildings of 
public or strategic importance (lactcRies, magazines, oil 
and gas tanks, power houses) large warehouses, chim* 
neyi, towers, spires, etc 


Lightning conductor is usually a band or a rod of 
metal connected to a terminal (abo called "Enial”! 
extending i foot min. above the highest point of the struc- 
rure (particularly at changes in direction). An air termi¬ 
nation need not have more than one point, it Is now con¬ 
sidered there is no advantage in the midti-point type 
formerly in use, and only a single air termbal may be 
used orovided it will give the desired zone of protection 
Fm^ may be J in* diameter copper or phosphor bronze 
soltd rods (pointed at the top). 

In case the height of a structure is 1 ao ft. or more and 
width at the top 5 ft. or more, a minimum of two air termi¬ 
nals should be provided connected to a band On flat 
mc^ roo& they should be fixed at intervals of about 100 
ft. ^lent points, even if less than 50 ft, apart, should 
each be provided witli an air termination. Particular 
atlcnbon is necessary to the case of chimneys where the 
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hot gajo cjnittcd may act as lightning conductors far into 
the atmosphere- 

Conductor MnteHnls. The materials recommtodctl 
are: copper^ copper*cla<l steel, galvanized sted, alumimiiin 
and alloys (phosphor-bronie) * Copper is a bett& conduc¬ 
tor than iron in the ratio of 100 to 17 and is ^ easiCT 
to manipulate about the various projections, but iron a 
better to roast fusion. Copper is prcTerahle to galv. 1™ 
where corrosive gases or iaoustrial pollution or ^t l^cn 
atmoaphenc conditions arc encounter^. AJumuuum 
halt a conductivity almost double that of coppo". vrogn 
for weight and is increasingly finding favour. 

The following siacs of conductors arc recommended 
in the Diaft Coder 


Mslcrill 


Above ground 


Bdiiw frauDd 


Round g«lv. iron vnre 
Galv. iron Mrip 

Round copper win? « wpprr cisd 
steel wire 

StrtiHled copper wire 

Copper Itdp ( 

Round sluminium wire 

Alunucitun 


0 S.W.G. 

(0.344 In- dlu-j 

I ifuxl in- 
4 S.W.G. 

(0.9^ in. 

0.073 ^ 

or 7 /- 13 & in- dia. 

I ic.N j: tn- 
4/0 SlW.G, 
(0.400 in. dia.) 

I in- X i la. 


4/0 SW.& 
(O.4O0 in- dia<) 

oS-W.a 
{0.344 in- dis-)i 

Not aHowed 
I io.xiin. 

Nm sHcmfTid 
Not jllmeed 


All iron roofs of a building, all metallic finials, chimneys, 
ducts, vent pipes, railings, gutters, down pipeSj ndges, 
hips and the like, sliould be bonded to, and form part tji 
the air termination network- Any metal coming ^tmn 
4 ft. of the course of a oondnetor should be mnncctu with 
it: any other heavy metals even beyond 4 ft should aw 
be connected. Where a ' i ig lint of the metal ndge enstt 
each end of the ridge ah^Jd be directly connected to earth 

by a rod. W ^ , 

Gas pipes should be connected as lar away as possible 
from the position occupied by lighteTg mnduclors and as 
an additional protection the service m^ to a gas meter 
should be metallically coimecicd with house tcrvieei 
leading Irom the meter. 
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The Goaductors of the Ughtning protective systein 
should not, as far as possible, be laid par^lel to any electric 
conductor^ If this is absolutely unavoidable, the distance 
between the two must exceed 7 ft. Metallic parts of the 
electric instalLadons should not be connected to the Light- 
niivg protective system. In large buildings where more 
than one conductor has been fixed, all conductors should 
be connected by separate horizontal conductors both at the 
top and at the bottom. 

If the roof and other parts to be protected consist of 
copper, the lightning conductors must be of copper, and 
if zinc or galvanized irnn, the lightning eonductors 
must be tinned copper, galvanized iron or bare alumi¬ 
nium. A conductor should be made of the same material 
throughout including the points and the earth plate, ex¬ 
cept as given below» The upper end of the conductor 
under all cireumstances should ^ a solid rod || in. dia. 

Down Coadnetori, Down conductors should prefer¬ 
ably be run along comer* and other projections. The runs 
should be as straight a* possible and should foUow the 
most direct path possible without sharp bends, up turns 
and kinks, and bends in any direction should not be less 
than t ft. radius, as otherwise there is the danger of the 
discharge leaving the conductor and entering the building. 
No change of direction should be more than 30 deg. Con¬ 
ductors should not be pased round projecting cornices 
butihouldbe taken through them tf possible. Jom^ should 
as far as possible be avoided. Where these arc necessary, 
they should be soldered and double rive ted j joints 
for rod may be of the clamped or screwed type. Keep all 
joinb at accessible places. Conducton should not he 
insulated from the walls but should be secured by clamps 
of the same metai as the conductup-, built into the wall. 
The supports or bold-fasts shonld be such as to aUow 
the conductor to expand or coritj'aci with changes of tem¬ 
perature; slight loops arc provided in the Upc between 
the hold-fksts. 

Earth Goniieetloaj. The lower extremity of the 
conductor (“earth") should be buried in permanently 
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damp boiIt Ground plates should, not be bud directly 
in waters of welts, trenches, takes , etc. The ground 
where the earth electrodes arc buried should be made 
slightly sloping towards the burial spot *0 as to permit 
rainwater to soak in. A water-drain from the house can 
also be led to the place of the '■‘earth"*- ’Where darnpness 
is not aiHured the earth plate or rod should be buried at 
IcASt lo ft# Kutd' the grotitwl witli charOT&l or pewderro 
coke filllT ig utmdj^i^ 6 ins- around it on sdl Gok^ 

^ould not be used with copper plates. No ^ Varlh" shotild 
be fixed within 10 ft of a wall or of foiindalions. 

Where bed rock is found near ^e surEicc, ground 
connections may be made by digging trenches radially 
from the building and burying in them the Moductoia or 
their equivalents m the farm of metal strips or wires. 
The depth of the trench should be a to 3 fl- 

Each down conductor should, preferably, have an inde¬ 
pendent earth tennmation and may be connected to 
water pipe syaterns in the vicinity in addition- The 
conductor in the ckc of important buildings should 
bifurcflta close below ttiz siiriacc of the groundj and one 
lead should be led to the nearest water main and 
soldered to it; where water mams do not exist a i| ms, 
gaW. pipe at least 20 ins- in length should be driven into 
the ground under aub-sod v^ater level and the Lead connected 
thereto. The second lead should be * ‘earthed* as described 
below. 

Earth Electrodes. Earth electrodes should consvl 
preferably of copper rods and/or strips driven down to sub¬ 
soil water level* 

(£) Rods,- These should be of J im diameter and 
driven into the ground to a depth of at least 8 fr- 

(ji) Fifits* a-inch galv. iron pipe driven down to at 
least B ft. below ground level-The pipe should preferably 
go down into the lub-soU water for ab^t 6 ft. The lower 
6 ft. of the pipe should be perforated with | in. drilled holes 
and the pipe filled with ^ely powdered charcoal through 
which the condu<^Dr cable is passed to the bottom of the 
pipe and b abo riveted and soldered with the pipe at its 
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lop end Whm the sub-soil is gravel or where the ground 
IS made up, pipe should not be used. 

Strips: When stripn are used these should be buried 
in trenches at li^t i8 ins.^ deep, in straight lines or pandlel 
radial formations. The distance between any 
pair of parallel strips should be not less than 6 ft. Strips 
have to be used where rock is encountered at a depth 
less than 8 ft. below ground level or 7 ft below the lowest 
Icvw of the excavation, thus prohibiting the use of verti¬ 
cally driven pipes. 


PlaUs: '^c “earth” plates may be of size 3 ft. X3 A. 
Xjftrin. thick if of copper, and copper plates must be us^ 
when the conductor b of copper. The plate should be Jin. 
thick if of iron, (^pper plates to be tinned on both sides and 
iron plates heavily galvanized. In a dry ground a larger 
plate is necessary. The plates are buried to a depth where 
they will be continuously wet, and iron plates should be 
surrounded by charcoal. The plates may be buried either 
honiontaUy or verUcaUy but the vertical method is better 
Tbe conductor is soldered, riveted or welded to the earth 


Tlie lightning protective system should be thoroughly 
tested when finally completed, and once a year of important 
structures. The overall resbtance of the complete conductor 

earth in wet weather 
should be about 1—a ohms and should never exceed 10 
ohms. The trat should preferably be conducted in the 

* The uat can be carried out 
with the Megger Earth Tester. 


Zone of Prote^on. For aU ordinary buildings the 
Mne of protection for a single vertical conductor is con¬ 
sidered to be a cone %vith the apex at the highest Domt of 
Ae conductor and a base of radius equal to the^eigh? 
Structures of base area up to 1000 sq. ft. may have 
conductor only. One addiUonal conductor is requb^ 

for every 3000 sq.ft, or part thereof m excess of 

per .00 ft. of peruSu^. 
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Protection of Spednl Stmctores 

Bmldings with infiammabU roofs: All parts of a lightning 
protective system installed on structures with su^ roofs 
should be separated by non-metallic supports at least i (t 
from the roofing material. 

Stmet nrea with EKploaivc or In flamm able Centents* 

Such structures should not have spires, or flagstafils. Radio 
aeriab should not be provided within 50 ft. of the structure. 
One or more tall supports each e^uipp^^ with a lightning 
protective system should be provided in such a way that 
the structure falls within the zone of protection. 

The overhead line of electric supply to the structure 
should be terminated at a point about 50 ft. away from the 
building, whence the supply may be taken by underground 
cables. Electric cables entering the structure should be 
metal sheathed, the sheathing being earthed at the point 
of entry outside the structure. Other metallic objects 
like water pipes, wire ropes, rails, etc., entering the struc¬ 
ture shoula DC earthed at the point of entry and also at 
a few more points to a distance of about ^00 ft. All metal 
forming parts of the structure should be bonded or welded 
together and connected to the ring conductor at least at 
two points. 


ig. WATER STORAGE TANKS AND DAMS 
Design of a Giircular Water Storage Tank Witkovt 
Reinforcement 

9a 

t—is the thickness in feet of a brick wall in cement, 
h—is the depth of water for design in feet, 

D—is the diameter of tank in feet. 

This is on the assumption that all the tension due to 
%vater pressure will be taken by the brickwork. 

For Reinforced Brickwork tanks, see imder **Reinforced 
Concrete”. 
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Dmi^ of Wtillo for Water 


Preunre Dae To Flaldei 

Pressure at 5 —wBD lba«/sq» ft. 

Total pressure on the wall AB=i)uxBDxAB/a lbs. 

The ovETtumiiiR moment is found in the same manner 
asaplamed under '^Design orWatb against Wind Fressure*' 
or ‘‘Retaining Walli”. 

When L (thickness of a rectangular wall) = 5/1 a h this 
will exactly balance a masoziry wall of weight i^o 
against pressure of water on its full height. But the 
resultant must within the middle-third to avoid cracks 
and tension and the wall (or datn) must also be safe against 
iliding^ 

For the resultant pressure to be within mid die third 
of the base the width L of the base can be found fhsm the 
following formulae;— 

Symmetrical {Trapt^iridat) Secdon: 




L=Jh*_(»+n)»(a_l)+o«g+!^-2| 


Flroat ftice vortical ; L ■> (g—1) 

Ba^ vertical (mM>o)T L** W ^ t 


or 1^-l-aL- 


hi=o, 


Rectangular aeetioiD : L=h^'~i, 
weight of nujcniry 

* ~ cf wattr; = ’™*"- 
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Back fact vertical is more cconomicaU 
Top width is generally kept about ^ to | of the height* 
Stress at the edge (toe) — 

^ ^ / _ 1 - \ V—U the total 

^ U-6 £-/ vtrtiaI1«d 

Siidinp^To be safe against sUding the weight of dam 
xcMffident of friction should be greater than the to^ 
water pressure Pi (or any lateral force tending to slide the 
dam or wall)* 

Co-efficient of friction for sliding are givea at page 7 j /45 

Total pressure per unit length 
is eqtial to area of the trapezoid! 

S T U V 


R= ^ (aH+D)wj 



SV^wH xTU^(D-{-H)id 
Pressure at V is SV 
» .UisTC 
All pressures act normal 
to the surCaee. 

Total pressure P pw 
unit lerigth of dam is given 
by the area of the trapezoid 
of pressure S T U V or 

R-L(*H+D) (2H+») 

<i'= ^ r 3 S‘i 5 'i 

The horizontal component of the pressure against the 
lace of the dam is the same as for a vertiol surfacei The 
vertical component of this pressure is given by the total 
weight of water vertically abo^'e the face of the dam* 


w 
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If 


R- 


D*W 


3 sin. 4^ 


and - 

3 


Whtn there is possibility of upward water pressure 
(due to Lnfilicration) at the base^ this force should be sub¬ 
tracted from the weight (or tna^]! cif the wall. (Also see 
under “Retaining Walls“,l 


To safeguard against uplift (givuig 50 per cent allow- 
ance) the rado of the base width to height should be o. 75, 
Mcnow or ialu tcj mninni n-rat 



FtuUittB pT*j*cila*i it cutm* *l.XI W halv w bat* i Li^ , 
if Bill n4»c« Uh laa pnaiim^ 

tUtS M ikvt t* iQ.? 1, ftf rt^tufuiar 

Corners at the top of a dam should be rounded up and 
a concave curve built at the downsertam toe to create a 
standing wave. The dam is curved up for a few feet in 
height and terminates in a drop wall, (Also see under 
"Irrigadon"). 

30 . STONE MASONRY— General Speclficatlm 

(For characteriidcs of atonn, six Section 13). 

(a) RanAi™ Rnlflilei 

The atones are Kammer-drexsed on the face, tides and 
beds to such an extent that the stones will come into close 
proximity. No atone* to taU to a point, nor into the wall 
less thto 1 1 timca height, and shall not be of greater height 
than cither breadth of face or length of tail into wail. 
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Beds aitdjeinls —Not to exceed i m. thick- 
Height qfaurst —Uncoimed. 

Bonds Of through JioiKf—Bond itones runmng rig^t 
tiurough the ’wall sttaJl be given two per to fti^ tuper of IkcCf 

and staggued. . , , 

Quoiiu—Face beds to be squared back carefully at least 

+ ira, and joint* af ini* t. t * v - 

//«irt£ii^-^tone* to be not Ira than 6 uiche* in any 
direction, carefully laid, hammered down wdth wooden 
mallet into place and solidly bedd^ with roortaTj chip* 
and spalls being! wedged in to avoid thick beds of joints 
and mortar- 

(^) Random Bnlitile broo^ br to eonrsci 

The stones are hammer-dressed on bed and top surface 
unless the natural cleavage of the stones give parallel facts. 
No face stone to be narrower or shorter th^ its height, 
and no such stone shall tail into the wall less than U* 
height and at least J of the face stones shall tail into the 
wall twice their heighL 

Bids and joints—"Sot to eatcced k in, thick- The stones 
shall break joint on the foce for at least half the height 
with those of courses above and below. 

Height Not less than 6 ins. in height and 

brought up to kvcl beds a* may be ordered, and shall be 
laid at right angles to the batter. 

Bonds or iJffimgh siones—ln the interior thickness of the 
wall bond stones at least if ft- long shall be given so as 
to approximately provide through-bond of long stones 
every 5 ft. 

Q^ks —As for {a) above. 

As for (a) above, but vertical plum* to be 
placed wherever possible, projecting not less than 6 ms. 
to form bond bet%reen successive courses 
(f) Sqosuc Rnblda, saacom"*#*®! 

Beds oAi^jufiitr — ^Not to exceed J in. thick. Face beds 
to be squared back at least 4 in*, and joints 2f ms. No 
■palls or pinning* to show on face. 

Height of Uncoursed, but no stone to exceed 

g mo. 10 height to avoid long vertical joint*. 

or through stottos —As for (a) above. 
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Quotns—As for {b) above, but comer of each quoin 
to have chM draAed margin of i in. on each side to fadli. 
tate plumbing. 

Hearting —As for {b) above. 

(d) Square Rabble, brought up to courses t 

Beds and joints —^To be onc*llne dressed.* No face 
joint shall be thicker than | in. The face stone shall be 
laid alternate headers and stretchers. 

Height of coarse —6 ins. to 9 ins. No course to be of 
greater height than any course below. 

Bond or through stones—^ ft. apart in the clear in every 
course and to bcsUggered.and as for ashlar masonry below 
(<} Block in Coursei 

The stone shall be hammer or chiscl«drcised on all 
l^s and joinU so as to make rectangular shapes (two- 
line dressed).* Joints shall be dressed at right angles to 
the £sce for a disunce of 3 ins. * 

Beds and joints—Sot to exceed | iiu thick. The face 
stones shall be laid alternate headers and stretchers. • 

Height of coteru —Each course shall consist of stones of 
even thickness not less than 5 ins. No stones in face shall 
have less breadth than height; and no stone shall tail into 
the waU than iu height and at least | of the face stones 
shall tail into the wall twice their height. 

Bond or through stones —Through stones going right 
through the wall for vralb up to ft. thick, be in- 
SCTted in each 001^ at 5 ft. intervab breaking joints 
with similar stones in courses above and below at least a ft. 

QMiy—Short bed to be at least equal to height and 
long bed at l<^t equal to twice heighu Beds and joinu 
to be squared back as for walling. 

(/) Aahlari 

Every stone shall be chisel-diessed on all beds and 
joints, to be true and square giving perfectly vertical and 


or chid ih.r 

no portiofi of the tooe drcMod m more than * in. from 

Mraifhtedp laid along bee of uooe. t edge of a 
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horizontal joints with the adjoining stones or brickwork. 
(Three — line dre»ed).* 

B^ds end joints^fio joint shall be thicker than | in. 
The lace stones shall be laid alternate headers and iiret- 
chers; the headers shall be arranged to come as nearly as 
pooible in the middle of the stretchers above ainl below 
soTthat the stones break joint on the lace for at least half 
the height of the course. 

Htight of coerse —Not less than 12 ins. No stone to be 
less in breadth than in height, or less in length than twice 
its bright. 

Bend or through r/onw—Not exceeding 6 ft. apart in 
the clear, and to be staggered. In walls 2) ft. ihkk 
and under, the headers run right through the wall, if 
more, overlap at least 6 ins. 

Stone Arching. In arches up to 15 iiu. thick all 
stones shall be through stones extending from the intrados 
to the extrados. In arches over 15 ins. thick it may be 
convenient to build two rings in which case the stones shall 
be laid alternatively headers and stretchers, the headers 
shall be through stones from intrados to extrados and the 
stretchers through stones for one ring. In the case of three 
ri ng * alternate headers shall break joint to the amount of 
the full depth of one ring. 

In the case of rubble arching, stones shall not be less 
than 3 ins. thick on their least dimension and shall break 
jmnt for not less than 6 ins. and all stones in one course 
shall be of approximately the same thickness. The thick¬ 
ness of the joint at the intrados shall not exceed ^ in. and 
the open extrados joinu shall be solidly wedged with 
chips and spalls set in mortar. 

For ashlar fine tooled work, no stones shall be less than 
12 ins. long and 50 per cent of the stones shall be 18 ins. 
long or over. The thickness of the joints shall not exceed 
3/16 iiu. and all joints shall radiate properly from the 
centre of the curve. 

•"Ttiree 4 iaedrcacd'‘ or fine duacl-drencd memos that the surfiice 
of tbe stone b dreaed until a straiaht edge laid along the face it 
in contact at every po*nt, this is ako called ‘*plaia face**. 
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In the caM of b]ock*in-cotzrK^ stones shall be not leas 
than 6 ins, thick on iheir least dtmensiom and thickncsc of 
iointa shall not exceed in, 

Fhimb Concrete and Pliiiii1> Masonry 

The proportion of plumbs (stones] should not generally 
exceed 50 per cent* of the total volume of the plumb 
concrete. For this it will be sufficient to make up the 
told volume with plumbs and iill in all the intentices 
which should not be less than 6 inches, with cement con¬ 
crete* The cement concrete may be t ^317 (cement, bajri, 
coarse aggregate). The plumbs arc Laid in layers using 
the cement concrete as mortar. 

at * GENERAL SPECIFICATIONS FOR 
BRICKWORK 

Bricks should be soaked in water for at least one hour 
before use for works in cement and lime morlaTS. (Tests 
howeiper, show that bricb absorb no further water after 
15 minutes soaking). The bricb should be sufficiently 
soaked before use but not execssively so. ^ 

The new work should be kept wet during construc- 
don and for 10 days after completion. For brickwork 
in mud, the bricks should only be dipped into a tub of 
water and not soaked before use. 

Mason^ work such as at lop of walls, should be kept 
covered with 1 in. of water for about 10 days when the 
work is not in progress. For this purpose the top of 
masonry is provided with small mud mortar parapeu all 
round the edges and crosswise so as to form small compart¬ 
ments. {Docs not apply to brickwork in mud.) 

^ No mortar joint should exceed J in, for ist class 
brickwork in cement and } in. for snd class brickwork in 
lime, I in. Ibr 3rd class brickwork in mud mortar, and 
no joint should be Ids than in. in thickness. 

Mortar of the proper consistency only should be 
delivered on the work, any subsequent thinning with 
water should be prohibited* Mortar that is too thick or 
too thin should be sent back to the mbdng floor. 
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Thc: tuiface of each coune ahoiild be thoroughly 
cleaned of all dirt before another course is hud on top. 
If the mortar in any course has begun to sec, the joints 
should be raked out to a depth of ^ in. before another 
course is laid. When the top course has been exposed 
to the weather for an^ length of time it should Ik re-* 
moved and the siirface of the second course thoroughly 
cleaned before any more courses are added. The wort 
should be added on uniformly throughout so that there 
is equal distribution of prmure ou the foundations, to 
avoid cracking; no portion of the work shall be Left more 
than 3 ft. lower than another^ 

If a work is to be pointed or plastered the sur^ce 
should be prepared as explained under "Plastering”, 
If pointing or plaster Is not provided as a separate item 
the joints should be struck and finished at the time of 
laying. Snaight lines can be marked with a string which 
is pressed Into the mortar. 

When work is to be built on a soU that contains hann* 
ful salts (even in traces) only selected weH-bumt bricks 
(preferably slightly over burnt) should be used for a 
height of at least 2 ft, above g^round Level, as bricks which 
are not thoroughiy burnt rapidly corrode away in such a 
sjtuatioii. (This subject has b«n dealt with in detail 
elsewhere). 

Lime Concrete : — (see page 6/53) 

Brick ballast where used must Ik well soaked with 
water before mixing. The ballast should be spread 
cvently on a floor and the correct proportion of well 
mixed dry mortar spread over It. The material is then 
thoroughly mixed. The surface of the concrete while 
being rammed may be lightly sprinkled with water to 
compensate for loss by evaporation in the hot season. 

aa, GLOSSARY OF TERMS 

Anode: A seriea of arches with their supportuig columns 
or pletx. 

dirij; The meeting of two surfaces producing au ex- 
temaJ angle. 

B^e is immediately above plinth, A building having 
no plinth, immediately above UKtmgs. 
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Baumenl ir Baitmmt Sior^ or €*Uar: Fart of a build* 
ing (iifualLy a slqrey) below ground level* 

Part of a bdcL. 

B^kr: The ilopK away Irom you of a wall or timber 
piece, etc. 

B<iy: The space between two piers, columns or pro¬ 
jections* 

window ; A window projecting outward from a wait 
and reaching up to the ground* 

Bmd^ Any loclinattOD of two surC^ces other rbari 
^ deg* (either greater or leas)* 

BloAtng CourUi A covrae of stones (or only one stone) 
pbeed on the top of a eovne to add to its appearance and 
also to prevent the ewnioe from overturning. 

Bnsammer: Joist embedded in concrete; over 
verandah posts on which purlins of sloping ro^ rest. Also 
incans a bum which carries a wall* 


Brtdfc cor^.- Brickwork filled in between the top of 
a lintel (usually of wood) and the soffit of a relieving arch. 

Brick Hogging: Brickwork filled in between wooden 
posts or studs (for making a wail). 

Bull’s A circular or oval opening in a wall. 
Sedirtss: A projection of masonry built into the front 
of the wall to strengthen it for lateral subllity against 
thrust from an arch, roof, or wind pressure* 

Flying BuUrcss: A detached buttress or pier of masonry 
at some distance from a wall, and connected therewith 
by an arch or portion of an arch, so as Co discharge the 
thrust of a roof or vault on some strong point* 

Cheuf^OT: To cut off, in a small degree, the angle or 
arris formed by two faces, usually at an angle of 45 deg* 
Chas 4 : A reoos made iuride of a wall Co accommodate 
pipes or eleetnc wiring, etc. 

Qfu^silt BuUding: A building of which partis masonry 
and part is nthtt open or framed; or a building of which 
part IS open budding aud part is framed building* 

Co^mg: The capping or covering placed upon the 

top oTa (or parapet), usually ofstone, to throw 

oo and prevent the nhfwatcr soahdng into ic> 
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Corbd! One or roort; courses of brick projecting from 
a. wall (like a oomice,) gencnrRlly lo form a support for wall 
1 -LQoid not project more than 



Cowitr/orl: Is a projection of masonry built into the 
back of the wall. 

Omlr A hood shaped top for a chimitcy; a vend* 
lating top of a sewage pipe, 

Croxr Walt- An Intemal weight bearing wall built 
into another wall to the full height thereof 

Dcrmn Window.^ A small vertical wdndow built in a 
sloping roof, 

Dowl: A pin or peg let into two pieces of stone or 
wood for joining them j a i^nmp tron.^ 

Drip: Pait of a cornice or projecting sill etc*, wbieh 
hAj a projection beyond other parts for throwing off rain* 
water, 

Efflortu:tne4: The fonnadoti of a whitish loose powder 
or crust, on the st^ee of brick walls. 

ExtradoJ,- The outer surface of an arch. 

Frog: la a small reems on the top surface of a brt^, 
made while moulding, usually embooed wth the initiali 
of the contractor* It fctrms a key for the mortar and also 
reduces the weight of the bnck* 

GabU: The entire end wall of a biulding. (The 
term is generally used for the triangular end wall of a 
sloping roof.j 

Haunch: That part of an arch lying midway between 
ihe springing and me crown- 

H^rring^w ufork Masonry work (generally in Qoo«} 
in which the bric^ are laid slanting in opposite directions, 

Hjdrcicijpic: A substance that attracts water from the 

air. 

Iitlrados* The Inner surfrice of an arch. 

Jambs: The two sides of doors, windows or other 
openings between the back of a wall and the chowkat 
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or firmxne. The portions of the openings outside the frames 
are called Repeals. 

Joggle: A dovrel or stub tennon joint by means of 
i^ch one piece of stone or timber b fitted to another. 

K^stone: The uppermost or central voussoir of an 
arch. 

King closer: A brick cut lengthwise so that one end b 
nearly half the width of the other. They are used in the 
construction of jambs. 


Lobby: An open space surrounding a range of chamberst 
or scats in a theatre; a small hall or waiting room. 

Mantel: The lacing auid shelf (usually ornamental) 
above the fire>place. ' 

Mastic: A preparation of bitumen used for water* 
proofing and daxnproofing, etc. 


Mai fmish: A term applied to stnlace finishing (general¬ 
ly painting) which b free from gloss or polish (not shining). 

Mezgftsane floor: An additional (low storey) floor 
gallery or balcony erected between the floor and cetlina of 
any storey. 

Mtuic: Small piew of Jtonm, glaa, etc. (gencraUv 
of diflerenl coloun) laid m cement mortar to form artiitic 
patterns for flooring and dados, etc. 

Midlion: An upright (piece) ii any framing; a divbion 

piece between the sash a frame. 


Oriel Wtndow: An upper storey window prpiectinff 
outwa^ from a wall (and which does not reach up to the 
ground, as distmgubhed from a bay-window). 

Party WaU: A waU erected on a line between adioininff 
property owners and used in common. 

A bam « rupport, as for a column or statue, 
and generally of a bigger size. 

Pilaster: A right-angled column or projection from 
a pier or svall; a square pillar made generally^ support 
a concentrated load. ' 

dcuched v^cal support to some structure* 
^d^ofawaU between window opening, 
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plinth: The portion of the external wall betvrecn the 
level of the street and the level of the floor first above the 
street. 

Qwtn dostr: A brick cut lengthwise into two so that 
each piece b half as wide as the full brick. 

(^unn brick: A brick forming a comer in brickvrork; 
it has one end and one side exposed to view. 

Recess: A depth (of some inches) in the thickness of a 
wall. 

Refractory materials: The term “refractory” b applied 
to various heat resisting materiab such as, fire-bricks, 
furnace linings. 

Reveal: A vertical side of a window or door opening fimn 
the face of the wall to the frame. {See Jambs). 

Skew-back: That (inclined) part of a pier or abutment 
from which an arch springs. 

Sleeper IValls: Low walls erected at intervab between 
the main waUs to provide intermediate supports to the 
lowest floor. 

Snap header : A brick header not extending the full 
length of a brick into a wall, usiudly half a iMick. 

Soffit : The lower horizontal face of anything ; the 
underface of an arch where its thickness b seen. 

Spall : Eat or broken brick; stone chips. 

Spandrel or Spandril : The space between the top of a 
masonry arch and the roof, beam or carriageway, etc. 

Spandrel Wall : A wall built upon the extrados of an 
arch up to the top level of the roof or beam, etc. 

^l^ : An oblique surface (bevel or chamfered), 
as of the jambs of a doorway or window; of which one side 
makes an oblique angle with the other. 

fringing line : A line of intersection between the 
intr^os and the supports of an arch. 

points : Tlic points from which the curve of 
an arch springs. 

1^ Springer : The voussoir placed next to the skew-back 
in an arch. 

S^tdnt Bricks : Bricks used for forming acute or obtuse 
comers in brick masonry. 
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Striking : The releasmg or lowering of centring! of 
archc! or lintels. 

String Cntiru : A horizontal (usually omanoental) 
course projecting along the face of a building, (usually 
introduced at every floor level or under windows or below 
parapets) for imparting architectural appearance to the 
structure and also keeping off the rain*water. 

Throating : Term used for making a channel or groove 
on the underside of string-courses, copings, cornices or 
sunshades, etc., to prevent rain water from running 
inside towards the walls. 

Underpinning : The process of supporting the existing 
struenue for renewing or repairing the lo%ver %^ls or 
foundations. 

Vanlt : An arched masonry structure (with series of 
arches). 

Veneered Wall : In a wall in which the facing material 
is merely atuched to, and not properly bonded into the 
backing. 

Vomtsoir : The wedge shaped structure component of 
a stone arch. 

Weathering : A slight slope or fall given on the upper 
surface of cornices, copings, sun-shades, window tills, etc., 
to throw off the rain-water; action of sun and rain on 
structures or soib. 


f 
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PLAIN it REINFORCED CEMENT CONCRETE 
& REINFORCED BRICKWORK 

Pa^re 

1. Theory of RemfoTCing S/5 

Properties and Strength Requirerncnta oF 
Structural Concrete and Steel 

Teats on Concrete 

AVorkiiig Stresses of Concretea and Steels; 

Shean Bond and Anchorage; Cntllng and 

Bending Bara; Concrete ^verings Chitside 
Steel, 

2, General Design Principies for Slabs and Beams S/Ift 

Practical Rules; RcirLforcement, IHstributioit 
Bars; Bearings on Walls 

Deflection; Moment of Ineritia of R. C. 
Sections; Derivation of Moment of Reaiata* 
ncft of Beams; Procedure for Design; Cheek¬ 
ing Existing £h?signa; Constanta for Balanc¬ 
ed Designs; Calculation of Bending Slomenta. 

Tables for Design of R. C. Beams and Slaba 8/2S 


I>oubly Reinforced Beams 

tSlabs Supported on Four Sides 
Circular Slabs 

T—Beam? and 1^—Beams 
Ribbed or Hollow TUc Floors ... 
H. Columns +». ... .** 


Types of Colunms: Tied* Spiral and Composite 
Columns; Short and Long Columns; Permia- 
sible Loads on CJoIumns; Effective Length; 
Bending Moments in Eccentrically Loaded 
Columns; Reinforcement; Column Foot¬ 
ings; Tables for Safe Loads on Various 
Sizes of Columns, 

4. Water Tanks & Reservoir* ... 8/47 

Deingn of Girciilar and Square Tanks; Ground 
Tanks and Elevated Tanks; Tables giving 
Data for Small Circular and Square Tanks 
and Overhead Tanks. 
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a* MiewllaTieona StiTjetiirea--l>eHign 

Stairca-sea and Landings; Cement Concrete 
Blecke; Under^gronnd Storage Cellars^ 

Fence PostH; Electric Poles ; CantileTcrs 
and Balconiea; R-C^ Walla; Sanshadea^ 

fi. Physical Properties of concrete ... X..* 8/73 

Workability: Water/Cement Ratio; Hydra¬ 
tion of Cement; The Slump Test; Shrink¬ 
age; Expansion; thirability; Load Testa 
onBviilt Stnicturca. 

7. Materials ... ... -- 

Quality of Water for Concrete; Oeniente; 
Manufacture of Cement; Different Types 
of Cements; Testing of Cement; Deteriora¬ 
tion of Cement ’with Storage. 

Steel-Reinforoement ... 8/^ 

Agg regates S/00 

Qualities of Different Aggregates and Sand; 

Brick Aggregate; Tests; Bulking of Sand; 

Grading of Aggregates; Different Methods 
of Proportioning lEies; Voids in Ag]^- 
gate and Sands; Teat Sieves: Indian, 

English and American Sieves, 

8. Methods of ConatructioD ... ... 8/ tOS 

Mixing and Piacing; Machine Mixing; Hand- 
Mixing; Flaeidg of Concrete and Prepara¬ 
tion of Formwork; Conveying of Concrete; 

Design of Formwork; Depositing Concrete 
under Water; Compaction : Hand Compac¬ 
tion; Compaction by Vibrations. 

Surface Finishes .... ... ... 8/lil> 

Rubbed Finish, Cement Wash; Architectural! 

Surface Fimsbea 

Water-proofing Concrete ... ... S/121 

Cold Weather Concreting 
Curing of Concret*: Effects of Curing; Methods 
of Curing; Strength of Concrete at V^arious 


BElNFOacED CEMENT 


coisceete a 


Concrete in Sea Water & Prot^tlon of Marine 
Structnreai Severs & Drains of Concrete^ 
Concrete in Alkaline Soils. 

Deterioration of Concrete in Stracturca ^ - 

Corrosion of Reinforcement; Repairs to 
Concrete; Treatment of Cracks. 

Surface Treatment of Concrete : Treat^nt 
of Porous Concrete with Silicate of Soda; 
BoUed linscwl Oil; Vamiahea; Bituminous 
and Tar Paints; Staining Concrete with 
Copper Sulphate, 
fiuniting or Shot Concrete. 

Removal of Centerings or Formw ork 

Grouting or Colloidal Concrete; Cementation 
or Pressure Grounting. 

Joints in Concrete Stmcturcs ^ 

Construction Joints; and Contrac¬ 

tion Joints; Methods of Jointing ^ew 
Concrete to Old; Co-efficient of I jnenr 
Expansion, 

10 Special Types of Concretes .h'. -■* 

iWtret^ Concrete; Lightu eight Concrete; 
Ko-fines Concrete. 

11. Cement Concrete Floors — 

Granolithic Finish; Joints m Concrete Moors; 

Mosaic, Terraco or Marble Chips Flooring; 
Coloured Floors. 

12. Reinforced Brickw'ork 

R. B. Slabs Design Data (Tabic) 

R. B, Water Tanka, 
n. Glossary of Terms 

Tables ^ — 

Spacing of Round Bara m Slabs 
Areas, Perimeters and Weights of Bound Bars 


S/133 


S;i 40 

fi/147 

8/loO 

8,^155 

8,160 
8/167 
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The foUowing Kotatioiis hnvebwn iiised generally : 

ft’ = working compression (in bending) atres? in concrete, 
fp = working tenaile atreiis in steel, 

Eh =modiiltiH of elasticity of etceb 
Ec == modulus nf elasticity of concrete"* 

=inodulnr ratio of steel and concrete, 

EM = moment of resistance or bending moment, 

relative to the conctetr. 

Ms ,, it relative to the steel. 

As = total area of tensile Etcel in incheSt 
Q =area of concrete in compresgloa in sq. tncne&. 
b ^breadth of beam or width of flanges in T-bcam^*' 
1/ width of stem or web, ^ 

d ^depth of beam from top of concrete to centre ot 

tensile bIccI; dia, of bar, 

|i =oTcrall depth of licam,. 

j sratio of lever arm of resisting couple to depth d» 
k = ratio of depth of nentral as Is to depth d. 
p =Talio of steel to concrete, ^ 

S = total shear in lbs. at the section under consideration; 
resistance to shear, 

fs' = permissible shearing unit streas, 
s = pitch or spacing of atimips, 

B ^pemuBaiblc unit punching shear stress, 

Aw =CTos6 sectional aieo of stirrup?, 
t = thickness of flange of T-benm, 
fji = permissible bond stress, 



I =smoment of inertia. 


Units: Stresses are in Ibs./sq, inch. 
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I. THEORY OF REINFORCING 

The use of plain concrete in structural work is Itmlted 
by the fact that the tensile strength of concrete is only 
about r/roth its compressive strength. Hcnccj a beam of 
plain concrete will fail in the bottom when the top portion 
can sUll take ten times the stress. By inserting st™ bars 
in the bottom of the beam to take the tensile stress, the 
beam is made ten times as strong as a plain beam. Volume 
for volume steel costs about 60 limes as much as concrete 
and for the same cross-section steel resists about 340 limes 
as much in tension and S4 times as much in compressitso 
as concrete* Therefore, a combination of concrete and 
steel makes for economy* 

Ii has been capUuned in Section 3, that stress is propof- 
tional to the strain, and this relationship is expressed by 
a constant E the ^stic modulus of the material whidi 
is i=atrc33/siain, where strain is the extension or ^mprcsion 
of the material per unit length* For R.C. dcsi^ purposes 
itccl and concrete are considered, perfectly elastic materiatt 
although it is not true for concrete, 

Strtss in sltti ^ Elaitic moiMus €j' stai ^ ^ 

Striss M ffljvww Eiaslk moduiuj of ioncrett Ee 

This is called hfodnlar Ratio. 

The clastic modulus of steel Is taken at a constant 
value of 30,000,000 lbs. per sq, in. The elastic modulus 
of concrete Ls looo times the ultimate strength of concrete 
at 20 days, and the value varies from a,ooo,ooo to 4,000,^ 
but is usually taken at 2,000,000 Iba* per sq* in, which 
gives a modular ratio of 15, which is the ratio usually 
adopted in design for all mixra and grades of concrete 
(although it is not correct). 

Modular Ratio varies from I 0 for a 1:2:4 mif ' to 14 
for a 1M ja mix in the cast of ordinary grade cotneretes, 
and from 14 for a ]:at4 mix to it for 1:1:3 mix in the 
case of high grade concretes. These valuta arc denved 
'from the relation: 

(U.i£522—. 7.8 for «bi). 

3 fo ' ’3 X750 ' 
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Adoptloji of a higher modular ratio would rrsuU in 
reduction in the section and therefore the weight of con¬ 
crete but an increase in ihc quantity of steel is necessary* 

When a steel bar is embedded in the bottom of a enn- 
cretc beam and the beam is stressed, the concrete and the 
steel will extendi or compress equally together provided 
there is no slip of the bar in the concrete, the strains in both 
the materials will lie equal* Since slresaes are proportional 
to the respective clastic moduli^ the stress in the steel will 
be [5 times the stress in the concrete. Similarly, if a steel 
bar is embedded in a concrete column, then under load 
the steel and the concrete both must shorten by an equal 
amount* and since the steel takes 15 times more stress than 
the concrete when strained equally^ the steel will carry 
15 limes more load per unit area than the concrete* 

'I’he tensile stress (in the bottom portion of a beam 
under load) is in design assumed to be carried entirely by 
ihc seed* the strength of the concrete in tension being 
neglected as it will have failed before the steel is fully 
stressed under the working load ; the concrete on the tensile 
side will alwap crack (though the cracks may not he 
visible to the naked eye). 

Due to inequalities of workmanship and materials, 
variable conditions during placing and other reasons* 
strength of the concrete will be found to differ quite 
considerably even in adjacent parts of the same siructiirr* 
Many assumptions are made in reinforced concrete design, 
therefore, fictitious accuradcs is merely a waste of time* 

PROPERTIES AND STRENGTH REQUIREMENTS 
OF STRUCTURAL CONCRETE AND STEEL 

Te<t« on Crmcrete. Testa on concrete may be 
carried out either on site (Field Tests) or in a laboratory* 
For field grade concrete, tests may be limited to "work¬ 
ability^' and the ;'slump test". Workability means the 
correct propoitjorung of coarse and fine aggregates and the 
water. Slump test wiU be described hereafter Tests 
are carried out before the work staris and also while the 
work is in progress* To test the quality of the concrete 
ihat has been placed and has hardened. It is nec^y 
cut out sainplu piecei, called "cores", with the help of a 


ItEEKrOac:^ CEU&HT CONCRETE & BUCK WORE 8/7 

maduaCj which is often diSictilt. Cannpressve strength of 
concrete is assessed by the crushing to destruction cjf the 
test cubes which require the use of a compression testing 
machine and is usu^y carried out in a laboratory. The 
other test carried out is the transverse strength test (beam 
test) to determine the modulus of rupture ^or flexural 
strength) of the concrete. 

The crushing strength of a concrete is tested cither by 
6-in. cubes or 6 ins* diameter and is ins. high cylinders. 
Cylinder tests are adopted in Amrican pimedee and cub* 
tests in Bridsh practice. Cytinder test specimens indicate 
lower strength figures than cube test specimens by o*S. 
Cylinders Tail by shear at 6o° and cubes fail at 45° to the 
horizontal. 

The allowable maximum working stress for flexural 
compression (compression in bending) in concrete is fixed 
from the crushing strength tests with a factor of safety of 
.a to 3.4 for cylinder tests^ and 5 for cube tests at 38 days' 
strength. The direct compressive stress b taken 0*8 of 
the flexural compressive stress. 

The flexural (or bending) strength is determined by 
means of a beam test; a concrete beam in flexure will 
bre^ on the tension lace* Concrete tested in direct 
tension |pvea a diflerent result Ccom concrete tested in bend- 
ing, and to keep the distinction clear, the latter is expressed 
as the moAdiis of rtiplvTit which is the extreme fibre stress 
at the time of the Iracture* The flexural strength of con¬ 
crete is about 1.3 to 1.8 times the direct tensile strength* 

Badly mixed concrete is weaker in some parts and, 
stronger in others. Concrete gains strength more slowly 
at tow temperatura chan at high; if fixizeni setdng and 
hardening ceases; if the temperature is too high water 
required for the hydration of cement may evaporate and 
the strength of the concrete suffer accordingly. Strength 
of concrete increasf» with age. For ordinary Portland 
cement concrete, strength at 3 days b ^ of the strength at 
aS days, strength at 7 days is J of the strength at Ji6 days, 
and strength after one year is 60 per cent greater of the 
strength at aS days. Strength wt a8 dap is taken as ihe 
standard strength for design nuroo*es. (Al» see under 
Curing”.)^ 
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Table I. Woldng 



•Fk min : cnahinf ftrcDEth at tB dayi lamg cube test spccmiera 

For phm concrete pennknhle temale stnm m bendiur ihan be taken 
in dm table, whidi k meamred as mdined 


For monben in direct temioo when full temian k by the 

Mctioa ahall not be greater than four the valua ^ the 
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Stresses for Concrete 


after placing when pr(^>erly cured 


(VJmary 

"T! 3 S— 



1:9:4 

type of Work 

950 

1040 

56* 

1 600 

1 

[ 450 

Beams and slabs. 

Water tanks walla and bottom. 

Columns; whole area of column with iade> 
pendent binders and area of core with 
bdical binders. 

Columns supporting continuous beams, where 
neg. bmding moment is formed in the 
on the top of the columns. 

Praaure on fbundationa. 

95 

75 

Gonunon works. 

150 

no 

Cylindrical water tanks to avoid oracks and 
leakage. 

Rectangxilar walls of svater tanka to avoid cracks. 

890 

t8o 

95 


Where whole shearing force is resisted by the 
concrete. 

?€ 

60 

Water tanks, —ditto.— 

196 

118 

When half bars are bent up. 

980 

900 

When whole of the shearing force is resisted by 
reinforennent bars, shearing stress in oon* 
Crete only should not exceed these values. 

830 

190 

Bridge girden, heavy beams, and ocher inqiorto 
tant Mforks, —di^— 

190 

1 

150 

Shesuing stress around edges of roliimns, heads 
of pil^ etc. 

119 

too 

Beams and slahs. 

140 

195 


— 

85 

Water tanks. 


■nd F* k uuag qdinder tot ^)cciinem. 

M equal to the penniMihlc ahear ftreu without retnforoement, given 


fcuifiarccincnt alooe the calculated tmiile atica 00 the e fi cc tiv e coocrete 
pmniwbte tensile ttroa given. 
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T^lc H. Penuitftibtc Stresses in Reinforcement 


Mild Steel Ban I Lfaox/iq.inA 

Tensile ban in beiuiit, bridges and Tttaining walls, etc tSa» 

Tensile ban in walls^ flixm aivd ilaln df wativ tanks in j 


ci»itHct wilJi water 

Tecute ban in ribs of brants of water tanks not in oonlaci ' 
with water +. ., « « 

To ihear tn bearm and liabs, etc. 

To rcsiit shear in water tanks ^ ^ 

Tension in heliesl reinfbre^nent of oolumni . . ! 

Comprasinn bars in eo^umta, beams, | 


13000 

16000 

iBotn 

1^000 

13300 

sSooo 


The yield point itrcas of rolled mild steel is usually 
Uiken at ^G,ooa lbs. per sq* in., therefore, the u&ual per^ 
missible stress of t8,ODO lbs. has a factor of safety ofti 
against the yield point. 


For reinforcement other than mild at«l (high tensile 
steels and twisted steel bars, etc.) the pcnnlsslble tensile 
stress (except in helical binding which is not more than 
r8,000 lbs.) is half the yield-point stress, but not more than 
27,000 Iba. per sq. in* or, in shear reinforcement, not more 
than 2O,c>00 Iba*; the permissible compr«sivc stress is 
half the yield-point stress, but not more than ao,ooo lbs. 
per sq. in* 

Strength lieqairement for Ordinary Concretes 


Mix 

Min. Crusbing 
•trm^ in IbL 
per hj. in* 

Min. Tracivctsc aumgth 

Mod ul lu oT Rupture 
in IbL per >q. in. 

Gorropondii^ kud 

in Ibft, On specizDoUi 

i6m.X+m.X4Ui. 

■t 7 day* 

Kts&dayi. 

■t 3 datys 

■t 7 dayi 

1 

nt 5dayi 

7 day 

i:e :3 

2350 

3+50 

325 

333 

Sw 

iiqo 

i:tl :3 

1^75 


ato 

300 

744 


t 

1506 

3330 

1B5 

165 


940 


The crushing strength is on 6-in. cubes; where cylinders 
are used, the 6gures given in the table should be modihed 
according to the ratio cylinder strenglh/cubc strength 
=0.8. JBased on the IS : 456-1953.) "Ckintrolled 
concretes” in which the proportions of aggregates, cement 
and water are detennined by prelimi nar y tests In a 
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laboratory give higher strengths by about 25 per cent* Vib¬ 
rated concretes give still higher strengths by about 10 per 
cent. For rapid-hardening cement minimum cube strength 
in a works test shall be takec as strength at 7 days* 

Poisson’s ratio .. . . Oi 15 to 0*20 

Co-cfficicnt of linear expansion—0.00000^5 per deg* F* 
Shrinkage: Strain co-efficient upon drying 

completely * * * * ,. ^ 0.005 

Stresses due to shrinkage or expansion of the concrete 
may be neglected in calculations for common structure. 

A reinforced concrete member of sound concrete de¬ 
signed to the permissible stresses as tabled may be taken 
TO have a factor of safety of a bout 2| at^S days after placing 
the concrete. 

The j>crmi55tblc stresses in concrete and reinforcement 
in buildings may exceed those given in the foregoing tables 
by SaJ pcf cent if loads due to wind pressure and tem¬ 
perature changes are taken in a design; and may exceed 
by 50 per cent when siesmic loads are added^ so long as the 
stress in the reinforcement does not exceed 27,000 lb&./sq. 
in. Some engineers recommend that tensile stress in 
reinforcement may be up to 20,000 Ihs. instead of 1 &,,ooo lbs. 

SHEAR 

Shear at a section of a beam Is the algebraic sum of all 
the external loads and reactions on any side of it ^maximum 
shear occurs near the support. (Sec Section 3 under ‘^Bend¬ 
ing Moment and Deflection in Beams'’.} Tensile and 
compressive stresses which are set up due to bending arc 
greatest in the flanges or extreme edges of the beam and 
decrease to aero at the neutral axis, and are normal to 
the section. The effect of shear stress is greatest in the web 
of the beam and b maximum at the neutral axis and de¬ 
creases to zero at the extreme edges. Shear forces tend 
to cause diagonal cracks radiating from the top and at 45 
deg. to the plane of the beam. These are steeper where 
the bending moments prevail and are more inclined where 
the shear forces are largest. Cracks due to bending moment 
^e wider at the bottom and narrower at the top eompression 
aide^ while cracks due to shear are widest in the region of 
the neutral axb and become thinner towards the upper 
and the lower edges of the beam. 
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A beam to be safe against failtire by shear must have 
sufficient thideness of concrete. FcrmissibLe shear stress 
is 10 per cent of the maximum pcrmissibie stress in concrete 
for compression in bending. The intensity of shear slrea 

■S 

at any cross section rectangular beams and 

c 

for T or L beams^ where S is the total shear 


b' xjd 

force at the beam sectioo. Provided the intensity of shear 
stress does not exceed the [^rmissible shear stress (as given 
in Table I—75 Jbs.per sq. in, for 112:4 mix) the section 
is safe in shear and no shear reinforcement is required. 
If this stress is exceeded» shear reinforcement must be 
introd need. Where the permissible shear stress in concrete 
b exceeded, reinforcement is provided to resist the whole 
of the shear and the strength of the concrete in shear is 
Ignored as it is assumed that the concrete will develop 
hair cracks and cease to function^ 


Even where shear reinforoement is provided to resist 
the whole of the shear, the cross section of the concrete 
should be large enough so that the intensity of the maximum 
shear stress does not exceed four times the permissible 
shear for the concrete. If not, the section should be in¬ 
creased. Shear reinforceinent may be provided either- — 
ffl) By bciit*iip bars: Some of the main tensile bars are 
bent up from the tensile flange into the compression flange 
near the ends of the beam where shear stress is greatest 
Bending moment which is maximum at the mid-span 
diminishes towards the supports and the number of main 
tensile bars required to resist bending moment may thus be 
reduced near the ends. The number and spacing of bars 
available lor bending up can be determined from bending 
moment diagram or as detailed hereafter. ^ 


iuc e nena i3 aoout 30 acg. in shallow oeams 
wthd less than t.5 b, and 45 deg. in deep beams. (The 
bend should not be less than go deg.) San must be bent 
up though a depth of beam equal to or 
grater than the lever arm, jd. Shear ^—\ 
rcaatance ^of bent bars is calculated 
from the equation : 


4S' 
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S=A3Xrj" sin ^ 

whtrt: S=sliCBr force resisted by each set of bars; 
As =tcros5-sectional area of one set cf bent-up bars ^ Es' = 
permissible unit shear stress (iQooo); ^=tbe angle of the 
inclined bar with the axis of the beam (30 to 45 deg*)- 

Shear Reaiatance of lacUneti Bara 


Values in lbs» per each bar 




All the inclined bars should be hooked at the ends ajs 
explalued under ‘'Bond and Anchorage”, The bars should 
be bent up as shown in the illustration which errs on the 
safe side. If the strength of bent-up bars is insuiHcient to 
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take the shear forcc^ slimjps miist be added along the 
bent up^ bar zone to carry the excess shear force. Stirrups 
should invariably be provided along the bent-up bar 
Done even though not actually necessary for calculated 
shear strength. 

(t) By Stirrups: StiiTups are bars bent into U 
or rreranguTar shape, passing round the tensile reinforce¬ 
ment and the bars in the top flange. The stirrups are 
M^Uy placed vertically and are cither two-leg or four-leg . 
Surrups should wlienever possible be anchored round the 
top bars, where no compression steel occurs, top bars of 
light section should be specially provided. All stirrupa 
should be securely wired to the bars round which ihev 
pass. 

Stirrups may In; used cither to take the full shear stress 
or together with the bent-up bar3. Shear force resisted 

by «in-up, ^S—-A wxfi-xj d 

S Q 

Since a stirrup has two or more legs^ Aw will be the sum 
of the cross-^tional areas of the Icgaj s' is the pitch or 
spacing of stirrups. 

When stirrups arc used in conjunction with bent-up 
bars the to^I shear strength is the sum of the separate 
shear strengrhs of cadi. Where the shear stress exceeds the 
shear resistance of bent bars,,the shear taken by the bent 
bant is deducted frorn the total shear and the balance 
provided for by stirrups. Stirrups arc placed along the 
length of a beam at intervals r^uired by the varyinE 
intensity of the shear. Stirrups should not be spaced fur¬ 
ther apart than a distance equal to the Wer arxn, jd, and 
should preferably be spaced closer, say at a distance equal 
to or less than ^ d, and with a minimum spacing of 1 d at 
the trds, Ntimbcr of bars can be increased by using 
smaller diameters. No stirrups are generally needed in the 
cenlrc-third of a span, hut in heavy beams they should be 
continued with increase in spacing from the dost spacing 
near the end of ihe beam to the wider spacing at mid¬ 
span which should not exceed Jd. This docs not apply 
to beams under bridges carrying heavy rolling loads 




pitjtffnanT.P CEIIE^T CONCRETE & BRICKWORK S /15 


The stirrup bats used art of size J in, to j in. diamelp, 
maximum diamettr should not be more than d/50. Size 
of atirrups should^ where possible, be kept die same 
throughout the beam^ 

Distance from centre of support beyond which no w-eb 
reinforcement is retjmred=^ effective span—^(shcar which 
lie am can take without web reinforcement -rload per ft, 
on the beam.) 

Shear in Thin SUba, In thin slabs the shear stress 
is lea than the permissible stress ex«pt under heavy loads 
and no extra shear reinforcement is necessary* If half 
the tensile bars are bent up and half earned through to 
the support, the penrrnissiblc shear stress for the section is 
taken 4/3 of the usual permissible stress and is given in 
Table 1 . 

Also see under “General Design Principles for Stabs 
and Beams", 

BOND AND ANCHORAGE 

Bond is the surface resistance or adhesion between 
concrete and the steel bars embedded, in it. One of 
the fundamental assumptions on which the theory of 
reinforced concrete is basj^ is that there is a perfect 
bond or adhesion between the concrete and the 
steel and there is no slipping of the bar in the 
concrete under stress and both stretch or compress 
together* Slight rusting of the steel increases the bond. 
In order that the bar is not pulled out when subjected to 
tensile stress, it must be embedded a certain minimum 
length to develop its full resistance to the tensile pull. To 
work out this length of the bar to be embedded, the tensile 
stress in the bar is equated to the bond stress, and this will 
vary with the concrete mix and ihc permissible maximum 
Working tensile stress in the stceL The permissible bond 
stress for different mixes is given in Table 1 * 

^*xrs-«ixLxr« or 

Taking fs&iSooo Ibs/sq* in., fB—ioo ib**/sq* in. 

iBoooxd 


for 


1:2:4 


t45d* 


4X too 
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Where: d=dla, of barj fs=ten5ilc stress in steel; L= 
Length of bar to be CTnbeddcd; fa. ^permissible bond strcaa. 

Therefore, a bar must be embedded 45 times its diameter 
(which includes for Hooks and L>Ends) in order to develop 
full bond stress. This will Ijc greater with high tensile 
steels (about 6fid) and lesser with richer mixes. The 
bond length as calculated may be reduced if a hook or bend 
is provided on the end of the bar, the amount of reduction 
Iseing 4 diameters for each 45 deg. through which the bar 
is bent to form the hook. The reduction for a standard 
semi-circular hook (as descri bed hereafter) is 16d. Accord- 
ing to B.S, Code of Practice, the bond length should not be 
less than 36 d measured up to the end of the hook. The 
bond length is measured from the point of maximum 
bending moment (normally mid-span) towards support 
on each side. In the ease of tensile bars bent up for shear, 
the bond length h mc2isured from the point at which the 
bar cuts the neutral axis to the end of the bar. 

Bond length for compressioa reinfoireementr 
Compression steel is normally stressed only to m x stress in 
surrounding concrclc and not to the full 18000 lbs. per so. 
in. Therefore, for compression bars in beams, a bond 
distance of !j4d* should be adequate. No hook need be 
provided for a bar in compression (both in beams and 
columns), but a bend is desirable if the end of the bar is 
near an outer concrete face. 

^ Anchorage—Hooks, Ends of all tensile bars 
should be hooked to increase their grip or anchorage so 
as to ensure good bond and security against slipping. In 


not 




slabs hooks are 
essential, but for any 
tensile bars which are 
curtailed and do not 
run through to the supports, hoob arc caBential, The moat 



Accordiog to B.S.—GP 114. the bond Itaj^ for a bar hi 

mnpnsum »i™ ia lit W 

5 Xpemumbk boEidstrn 
AccordiD^ to IS: 456-^19513. 

cwifsejiiuc julu lq the bar 

4Xpomlwbl^bCDd itm 
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conuaoD and the best form of anchor?^ is a semi-circu'' 
Ur hook as shown in the iUustratioii whidi is the standard 
form of hooJt. The length of the straight part of the bar 
beyond the end of the curve should be at least ^d, but 
not less than 3 ins* The total length of the bar required 
for the hook is 12d measured from the point the bar starts 
to bend. 

Sometimes a 90 deg* bend will be required in pondoia 
such as where bars are placed one above the other* This 
bend should have a minimum straight length of 6d, but 
preifer lod. Thb b called a square hook. 

At the ends of simply supported beams all bars running 
through in the lower flange must extend to the centre of the 
support before hooks or bends begin* In the case of con* 
tinuous beams, these bars must extend for aod or 0. loL 
beyond the centre of support before hooks begin* 

The hook will not be effective unless the concrete is 
thoroughly consolidated all round it with a cover of at 
least ad or i in. (min*) on sides and 3d or i| ins. (min*) 
on top. Hooks should not be too close to the free surface 
of the concrete as they have a tendency to straighten out 
under stress and may burst off a thin concrete cover. 

boui atrcKB or aheme bond atreu is due to 

the horizootat shear caused in the beam under load, which 
is at the ends and varies as the bending moment, 

(and is distinguished from the direct bond stress or 
anchorage mentioned above), is calculated from the 
follo^-ing equation: 

Local bond stress 

where: S=mait* shear force at the endfi; jd=lever 
arm of the beam; 0=the sum of the perimeters of all the 
tensile bars carri^ to the support. 

The local bond stress may exceed t. 75 times the appro* 
priate pcrmlsstblc direct bond stress* 

If the stress is beyond the pmnissible Limits, use bars 
of smaller diameter which will increase the superficial 
area of steel with the same crora-sccdon* It is always 

.r. . smaller diameter bars to ensure better 
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In the case of simply supported beams some of the main 
tensile bars may be curtailed when no longer required for 
resbting the bemding moment stresses which are reduced 
towards the supports, but at least one-quarter of the bars 
must run throu^ in the lower flange. The bars should be 
continued a small further distance beyond the caclulated 
point of curtailment for anchorage and should be hooked. 

It is preferable to bend the bars up for shear. In all cases 
the number of bars run through to the support must be 
sufficient for local bond strength. 

Laps in Bars. When a bar of sufficient length b 
not available , two bars with an overUp, firmly wired 
together, must be used. The length of overlapping (or 
splidng) in joints of bars b the same as the bond lengths 
45d for tensile bars and 24d for compression bars for the 
particular mix. .The ends of the overlapping tendle bars 
should preferably be hoiked in which case the length can 
be reduced as described previously. The overlap should 
be arranged at a point where the tensile stress in the bars 
is the lowest, and laps should be staggered. Length of 
splice in column bars is also aad. For works in water, 
take 3od for vertical bars and 400 for hooked cbcular rings. 

V^ere steel fabrics are used in slabs, ends should be 
lapped 12 ins. and wired together. Side laps are not • 
necessary. 

Butt welding of bars may be adopted in heavy con¬ 
structions for eliminating overlaps. It allows the use of 
larger bars more closely spaced, and is also economical. 
The strength of the welded bar depends on the quality of 
the welds. A few rods selected at random should be 
tested from time to time to verify the joint strength. The 
welded joints should be staggered and kept nearabouts 
the points of contraflexure. 

Gutting and Bending Bars. Bars up to | in. diameter 
can be cut by hand shears or chisel. Large bars require 
a simple handlever machine bolted down to a base. For 
bars of i in. diameter imd larger, oxy-acetylene flame 
or power-operated machine may be used. 

Bends in bars are made before the bars arc placed in 
poution in the formwork. Bars should preferably be bent 
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cold^ U?ua.Uy hot bending should be Limited to burs 
ins. diameter and al:ioivp« 

SmaLL bars may be bent easily by the use of two stop 
or vertical Iron pins driven at prendetermined positions 
in a thicl; piece of timber securely held in the ground or 
fixed On a tabLe^ A piece of water or gas tubing is used as 
a I wer for bending which is slipped over the end of the har^ 
Simple hand operated direct lever bending machines may 
be used where avallablen^ 


Concrete Goveriugi Outside Steel 

(Exclusive of plaster or other decorative finish) 


Thin slabs and walls 
Bcams-side, top» bottom 
,t fnds 
Columns 

Piles 

Water tanks 
Niarinc works 


dia. ofbar—(min* 
dia* ofbar—(min* i") 
twice dia- ofbar—(min i*') 
dia* ofbar— i" min. up to 
7l'^ side, I*" above yf ^ 
] I'' min. (sides) 

with rich concrete, 
with I : 2 : 4 mix. 
twice ordinary structures 


Foundations .. ij' 

The above coverings are beyond stirrup and binders. 

For ail external works exposed to weather* for works 
against earth faces, and abo for inlertial works where there 
are particularly corrosive conditions, the cover of the 
concrete should be increased to 1 ^ times beyond the 
ligures givm above. 


equivalent dia. in the case of a square bar may be 
assumed to be about 1 ^ times the side of the bar, and 
for a twin-twisted bar it times the actual dia. of one 
of ihi- bars. 


^ GENERAL DESIGN PRINCIPLES FOR SLABS 
AKD BEAMS 

Practical Rales 

(d y Thf tjftitivt span of a beam or slab should be tak en 
as the lesser of: (r) the distance between centres of 
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supports^ (i*) the dear distance between, supports plus the 
effective depth dT the beam or slab. Effective depth is 
from top of concrete to the centre of tensile steel* 

(fr]l Slabs ore not gcDeraUy made less than 5 ms* over' 
all thidmaa. 

(r] Simply supported slabs should have an effective 
depth df not Ic® than i/ao of the dear span* In the case 
of slabs spanning in two direcdons^ it may be 1/30 of the 
span* Continuous slabs may have a thidiness of 1/30 and 
semi-condnuous 1/22 of the span. For cantilevers the 
effective depth near the support should not be less than 
1/7.5 projection « These depths obviate deflection* 
(Also see un^r '‘DEffecdon*’ at page G/23)* 

The top surface of centering should be given a camber 
of if 12 in. for every foot of span subjieet to a maximum of 
r { ins*, to allow for initial settlement* 

ReinfodTcemenC in Slafan* Generally, the spacing 
of main bars may not exceed twice the effective depth or 
la ins*, whichever is less . Maximum spacing permitted 
in the Code Is 3d. for ten^e bars and 4d for transverse 
rclnforcemerit (d is effeedve depth). Closer spacing 
is, however, better. The minimum spacing of bars is as 
prescribed for beams. 

Main tensile rdnforccment bars in slabs should not be 
less than 1 in. diameter, and bars of diameter greater than 
I la. should not be generally used* i In. and | in. are the 
most common and convenient sizes for slats. Use as few 
different diameters as passible. Well distributed itcel 
reinforcement reduces the shrinkage and expansion of re¬ 
inforced concrete. 

In simply supported single span slabs, it is not normally 
necea^ to bend up any bars. In partially fixed 
conditions (which is the most common and occurs 
where roof slabs are built into walls), every third 
bar should be bent up. In slabs condnuous over two 
or more spans, alternate bars may be bent up, or equiva¬ 
lent separate reinforcemenl may ^ provided at the top of 
the support foe the negative moments* Former arrange' 
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mcnt is more usual and also economical. Stirrups arc not 
used in slabs. 

It is not necessary to check shear str^ on a slab except 
with a superimposed load of over 5^ lbs. per sq. ft. (See 
also under “Shear in Thin Slabs**). 

Distribution Bars. Also caUed ‘yTemi^ature 
Reinforcement**, “Transverse Reinforcement , or 
ary Reinforcement.’* Cross bars of dimeter 3/16 to 7/16 
in fusuaUy i in. and f in.) arc provid^ on the top of 
the main tensile bars in slabs spanning in one direction. 
"Fhc object of these bars is to resist cracks due to tempera¬ 
ture and shrinkage stresses, to assist in 
loading, and to take any bending stresses that may be 

developed. 

The transv'crse bars should be at least 25 per cent of 
the main temile bars for roof slabs subject to much te^ 
peraturc changes where additional tors should al» be 
^vided at the top in thick slabs. In Boors, the 
verse reinforcement may be only to to 15 per crat of ^ 
main bars. Tbe transverse lars ^uld not placed 
further apart than four times the cffative d'P* 
slab, or 18 ins., whichever is less. Mam and «<>« 
are tied together with 16 gauge soft iron wires. About 
10 lbs. of wire *is required for one ton of bars. 

Distribution bars should not be hooked or P 

hooks wUl tend to localize the cracks and make the dis¬ 
tribution steel non-effective. 

Practical Rules— Beams 

(flj The effective depth of any rectangular^ beam 
^hould not be less than i/i8 of the clear span to minimize- 
deflection. 

(b) The width should not be less than 1/20 of the 
clear span to avoid buckling of the compression flange. 
(Sec under “Lateral Stability of Beams*’ in Section 3.) 
Where the span/width ratio exceeds twenty and it w not 
practicable to support the compression fUnge laterally, 
the compression stresses must be reduced by 21 per cent 


f 
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*>y which the ratio exceeds twenty. The 
width . however, should not be less than 1/32 of the span 

(0 The minimum depth of a singlv reinforr#»H 
rcclan^l^be^ should not be less than the width, should 
normally be about twice its width, but should not be more 
than *rce times the wdth. A good rule for the width 
tr of the total depth of 

(d) The top ii^acc of centering should be riven 
a camber of i/iB in. for every foot of span subject to a 
maximum of i^ ms., to allow for inidal settler ent. 

Re^orcemj^t in Beama.-The clear space be¬ 
tween two parallel reinforcement bars should be not lc» 
than the diameter of the larger bar, or J in. (prefer i in ) 
more than the maximum size of the coarse agereeate 
ilitre"'^ maximum size of the aggregate, whichever 

The clear wtical space between the main horizonul 
reinforcement bars should be more than the maximum 
nze of the co^ aggregate, and not less than I in. The 
bar, may also be placed one above the other without anj 
space in between. Steel spacer bars should be introduced 

i;“h" rr' 

Main tCMile rtinforcement ban !n bcami should .»! 
bo less than } in. diameter. Use as few different diamele^ 

as poMible . Stirrups and secondary reinforcemenT Ws 
are 3/16 in. to J in. diameter. Additional bars at the 
top comen have usually to be provided in beamf for 
binding the stii^ps for shear. Diameten of these bln 

bearfop!!** ” '■“"o-i"'? -"ininium 

Solid slabs 4 ins. j The bearing of the ends ofa beam 
Lintels 61ns. on a wall beyond a ren^r 

Concrete joisu 6 ins. distance does not sirenetrr 

Concrete beams 8 ins. ) beam. "Pthe* 
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Deflation. To avoid deflection in slabs that miitht 
^pair the strength or efficiency of the structure or oto- 
ducc CTacks m finishes, the ratio of span to effective depth 
should not exceed 35 for simply-supported slabs spanning 
111 one direction, 45 for continuous slabs spanning in one 
direcuon, and 12 for cantilever slabs. 


Calculadng Moment of Inertia of R.C. Sections 

One of the following methods may be adopted, and the 
same method should be followed throughout the design 
lor both beams and columns otherwise it will lead to dil- 
lerent results: 


(1) Consider the entire concrete section including the 
reinforcement area at its appropriate modular ratio; cr 

(ill) Take the compression area of concrete ienorinv 

“PP™pria.c 

The fltiffness factor of a member of rrknci.n* . 

Jre‘‘memlir! 




Tensile stress in steel (fs) 
Comp, stress in concrete (fc) 
Modular ratio (m) 
Percentage of steel (p) 
Neutral axis ratio (kd) 

Lever arm (jd) 

Bending Moment (BM) 

For a design to be based 
see Table at page 8/26. 


= 18000 

=750 


Ibs./sq. 


= 17.8 
=0.89% bd 
=0.426 d 
=0.858 d 
= 137 bd« 


in. 


on other values offs, fc or m 
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The above values are arrived at as follows: —- 



Position of neatral axis. Steel will take modular 
(m) times more stress than the coacretej and thf strain 
at any point proportional to the distance of that point 
from the neutral axis. The above diagram repadsents 
the stresses in, concrete and steeL The “elfcctivc depth”, 
d, of the beam is measured from the compression edge to 
the centre of the tensile steel. 

— xkd=fcx(d—kd) from which 

m 

mxfc _ 17.8 _ 

^mxrc+^~t7.8X75o4-iBooo”*^'^^ ^ 

(It is not alwa>'3 necessary to work out the neutral 
axis for simple designs.) 

Stresses. The stresses vary untTormly on a cross- 
section from zero at the neutral axis to a maximum at the 
extreme edges. Total compressive force in the concrete 
on a cross-section =4 fcxkdxb lbs. This force acts at 
the centroid of the compression triangle, i.e.^ at a depth 
^ kd=o. t42d from the top 

Total tensile foroe=r3XAa lbs. acting at a depth d 
below the top edge. 

For equilibrium, total compression = total tension, 
j\f., ifcXkdxb=f3XA3. 


Therefore the area of steel, As, in a balanced section 

fcxkdxb_75Qxo.426dxb 


2 ls 


IXISOOO - =°'“e9l>d. 














BElKtORCEQ CEMENT CONCRETE & BRICK^VORK 8/35 


This is referred to as the “economic pcrcenlage” 
of steeL 

Moment of resiatance* The total compression 
and the totai tension which ate equal and act m opposite 
directiatis form a couple with a lever arm j jd^ cqua^ o 
the distance between the centroid of the compression 
triangle and the centre of the steel. Moment of resistance 
of the beam =cithcr total compression or total tension X 
lever arm. 

Moment of resistance due to concrete in compression 
=ifc xkd xb xjd=l X 750 xo. 436d X b Xo. B^Sd 
=137 bd", in lbs. This is equal to the moment of re¬ 
sistance due to steel in tension. 

=As xls xjd =0.0069 bd X18000 xo .85S d4=i37 bd» 

A5=ir^^,- Both the materials arc stressed to their 

. e 

permissible working stresses^ Thus, the moment oi re¬ 
sistance of any beam or slab with the above working stresses 
in concrete and steel is 137 bd* in* lbs., which is equaled 
to the bending moment of the beam or slab under loading* 


Procedure for design* Singly reinforced beams and 
slabs t For beams, assume breadth about i/so of the span 
and depth a X breadth* Calculate the maxitiium 
bending moment including an allowance lor the weight 
of the beam itself. For slabs, assume 12-in. wide strip 


for the breadth* 


* / BM 

~V 137 b 

Gheching an eRiatiiig desigu» With a given depth, 
breadth and reinforcement in a beam, the following for¬ 
mulae give the stresses in concrete and steel under a given 
bending moment, BM:— 


fr- 

3 BM 

ft-- 


kd X b xjd' 

**^*4sxjd 

Also 


fr - 

Gsxk 

B 

X 

1 


m X (t —k) ’ 

“ k 







0/a6 INStAN practical crviL escikeeiu’ HANTJBOOjC 


Constanta for Balanced l^csi^n 


1 

Streu 
if) Ited 

Srr» 
in ooQ^ 
Qicrc 

Modu' 

lor 

ratio 

n 1 

Nitutral 

luis 

kd 

Lever 

um 

Jd 

Econo- 

mlc pot¬ 
een toj^e 
of rtcdl 

P 

Momsnt 

of 

naiftaw 

nee 

i 8 poo 

rdooo 

iBocra 

750 

— 

i 7 .a 

iS 

15 

15 

15 

15 

13 

■a 

<5 

15 

■5 

15 

15 

o.4a6d 

Oiifi^ 

1 0.3851! 
0.4154 
o.^od 
0.3^4 

0.393d 

0. giood 
0.4504 
o.aJod 
On 4 ' 3 d 
a.4j6od 
o.^gd 
0.5154 

OeB5&i 

o.B6od 

o.Sjad 

o.SGsd 

0.8534 

0.84^ 

0.0694 

o.88bd 

0.8474 

0.87^ 

0.8^ 

0.0474 

0.8404 

0.0984 

o.8g 

0.09 

0,80 

*3766* 

rgflbd* 

i^bd* 

iBooo 

iBodo 

10000 

18000 

i€ooo 

I600P 

16000 

i6odo 

lOOOO 

jsrOoo 

laooo 

ho 

X 

600 

600 

750 

G80 

X 

75 P 

050 

0.98 

0.56 

0.675 

i.oB 

0,83d 

0.970 

1.30 

1 - 5 * 

1.80 

[59MI' 

iTObd* 

toSbd’ 

8$bd« 

55 ^* 

14684 * 

Ii6bd* 
133641 
igabd* 
i 5 dbdi 
rTobd* 


Hi^;h Gradt Concretes 


10000 

idoQ 

15 

1 o.45d 

0.854 

1*26 

■93b(li 

1800D 

1200 

*5 

1 o,5id 

o.Sjd 

1-77 

2^tidi 

iBooo 

1500 

15 

1 n-.56d 

0.034 

3,39 

33964* 


If Lhc sitcl percentage is less than the economic per¬ 
centage valut^ the section will be weaker in tension than in 
comprewion and can lake only the following moments of 
resistance (MR) s-(For iBooo, 750, 1^} 


Steel percentage 

1 o.8o 

0.63 

0 43 

0,90 ^ 0. [7 

0.05 

0.04 

MR/bd* 

i 135 

100 

69 

48.3 1 98.5 

t5-4 

6.9 


Where the steel percentage is greater than the economic 
iwrcenlagt value, the section ^v\ll be weaker in rompresaion 


Sled pcrccntoige 

1 OvBo 

{ 0.00 1 

''“3, 

i.66f 3.34 

3-oo| 4.031 3,45 

MJk/bd* 

ia£ 



isrf 168' 

180/ igaj 309 


“ wi inertasra, the neoiral axa „ 

lowered . While, by adding more steel above the economic 
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percentage it is possible to increase the moment of rtsis- 
tancCj but U is uneconomical owing to the slower rate tjf 
increase, 

CALCUtAirON OF BENDING MOMENTS 
For Slubs and. Bea.i]aa 

Slabs and beams generally have uniformly distributed 
loads for which the maximum bending mamcnis may be 
taken as follows:— 

(fl) Single span support oonditions: 

(t) Simply supported +Viit/S at the centre 

(ii) partially fixed +wl/io 

—wt,/24 at the support* 

{ii'O Fixed +wi./iaat the centre 

—wi,/ia at the support* 

Beams continuous over three or more equ^ 
Spans ^approx*) * Xwo spans may be considered approxi¬ 
mately equal if they do not differ by rnore than 15 percent. 


(i) At centre of end spans q-wL/io 

(ii) Over support next to end support —wl/i 0 

(jit) At centre of Interior spans -j-WL/ia 

(fp) Over all other interior supports — wl/ i 2 


(s) Over end support (partially fixed) — wL/a 4 

-h sign is for the positive bending momenta occuring at 
the bottom near mid-span* and — sign is for the negative 
bending moments at supports. The change in curvature 
of the beam takes place at the point of contraflexure where 
the bending moment is zero. This occurs at dbtancei 
from the inner supports of approximately l/ 4 for the inncf 
spans and l/ 5 for the outer spans. (See Section 3,.) 

Bending moments should be calculated on effective 
spans. 
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Moment of Reautance 

Total depth of slab 

Depth to untre of iteel | 

DATA FOR R.C. SLABS 

Simply supported 

Safe load! (including weight of slafat) in. Iba/aq. ft. 

On fpara of -ft. 

ins: 

in. 

in. 

5 

5i 

6 

6i 

7 i 7i 

8 

!®* 

9 

1 8* 

1 


5 

>1 

ai 

133 

S19 

110 

181 

9a 

*53 

79 

*90 

ita 1 98 

87 

77 

69 


1020 

*450 

si 

4 

af 

3i 

343 

v >\ 

228 

3*9 

*95 

272 

167 

233 

*46 

903 

128 

*79 

**4 

*59 

*03 

*4* 

127 

‘*5 

1670 

9t6o 

4i 

i 

si 

4 



37a 

3*7 

4*a 

274 

98a 

238 

310 

- 

909 

273 

_ 

*85 

240 

165 

i‘49 

*93 

‘34 

*74 

«7fo 

5400 


4i 

5 






39a 

345 

425 

306 

3^ 

2^ 

244 

301 

221 

273 

S7}o 

4480 

6i 

7 


t 

♦ 

i 

- 

- 




4*5 

495 

371 

^3 

333 

S98 

300 

359 

5300 

6200 

1 

n 

1 

1 







^*5 

470 


8200 

10400 

9 

sj 






_ 

1 

1 



656 

12300 

tjpeo 

II ! 

12 1 

A 

1 





1 

1 

1 

1 


1 

1 


For other conditioos of support, the spam should be multijJied by 
WL/io by i.ia : WL/ia by i.as; WL/16 by 1.41; WL/a by 0.5 


Beams and slabs constructed monolithically v^ith tiic 
suppordng girders, beams or columns, arc taken as conti¬ 
nuous and also the slabs spanning between T beams. 

Doubly Reinforced Beams arc beams reinforced 
in compression as well as in tension. It is not economical 
to reinforce a beam in compression as the compression 
Steel is not stressed fully to its permissible working stress 
but only to a value mx stress in concrete around he steel 
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SutiMs for I'riui idBc 


rSooo 

jy, 

75 

iawi7.G 

Wi. of iltb At 150 lhs-/cJt. 
WL 

BM.- - 

8 


d 

m 

a 


REJMFORCEMENT 
(For distiibiiinin I^bt! icepBgc S/jt) 


Round Ban 

Spucingi in inc^ea of m ain 
tcDxilF toTis for dLameten oft 


11 

■a 

14 

tfi 

18 

30 

4^ 

r 

Vi/1 

r 

V' 1 r 1 

r i 

r 







. 187 

2l 













.340 

2i 

3 k 

9ft 











“94 


3 

4j 











■ 347 


H 

31 





[Oi 






374 


H 

3ft 

G 




^44 

«5 





*437 



3 

9l 






114 




. 481 : 



3l 

4} 




235 


140 




■ 934 



“4 

4ft 

7 




aoB 

— 

193 




+961 



“ft 

4ft 

H 




“49 

iB^ 

145 



.fo4 



2 

3t 

G 

8i 


35» 

“94 

316 

170 




1; 



34 

54 

8 

IDft 


M5 

353 

*95 



.721 




3ft 

5 

7 

to 

541 

495 

3S5 

257 

303 


.838 





4l 


3t 



4“5 


*58 

209 

■935 





4 

9ft 

fift 



500 

3^3 

3t>3 

245 

I.DS 





3j 

1 5 

7 






ffW 

1^11 





3ft 

4ft 

G 


tbc fallowing lacton, for the ume Joadi: 
(OLotUeven]. 


mxj fc (approxn) For m=J7.8j and fc^750j stress 
in CQinpressioii steel U only about 8,900 lbs. per sq. in.^ 
instead of its capacity of 18,000 Ibs^ per sq^ in. It Is not 
p^iblc to increase this compressive stro^ in the steel 
witbont overstressing the concrete above its permissible 
working stress^ Such beams arc used where the depth 
is fixed due to design comiderations^ 

A doubly reinforced beam may be designed by the 
following simple and approximate method: 
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_ 1 


LT_1 

M 


L<rl tht total Ivmdinjj morntnt the 
hcam ha' to be dmlgned for 
Siie of the beam ii Used a\ bd. 

Find ouE the bcndiriiK moment 
which ihU brjim singly reinforerd mn 
carry with the economic percentage 
of itccl. Let this bending moment 
be B'M . Tlic balance bending mo¬ 
ment for which cxira frnsiJc and 
comprejilve reinforcement h requ 1 fed = {BM—B'M^) 
Addhional tensile rclnrorcrmcnt for the (BM— li M') 
bending moment--:: 




I 


BM ~ B M ' 
bX(d —a) 


=A.'' Total tenslie relnforccmeril Ai 


=As+(pXbd) 

Compraaivc reinforcement at top for the baiaitcr 
bending moment will bet— 

mxAs' (d’^kd) ^ ^ As' fd-^kd) 

(m-.)x(td-.) - “^'=—(tblir 


Ac: 


Assuming that a^zj kd, total oompressioti cm concrete 
and steel then bccomci =i Xft xkd xb+f xm xfc xAc* 
Tliis is equal to the tension on tendte steel, i.e*, fkxAs- 
Moment of resistance of the beam due to compression 
concrete and siccJ Xfc Xkd xbx(d—a)]-i-[(| Xm xfc 

xAcx(d—a)] 


Moment of resistance of the beam due to tensile steel 
=GiXAsx(d—aK ^th the moments must be equal 
to maintain equilibrium. 


The calculated moment of resistance of a rectangular 
lieam, with equal top and bottom reinforcement will be 
as under for fc=750, &=18000 and 01=315. ' 


Pcrccnla^ of i*ctl fer 

tezsion usd comprmtoo 





1 * 0 % 

l^iaziHTir of nwtsknrr 

fojbd* 

3 i ' 

afishd* 

asobd* 

t5?hJ" 


Moment of lesistajice due to compresfijon concrete and 
steel are less than moment of resistance due to tensile 
steel, for percentage of steel above i per cent. Therefore, 
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p^o^■^!kioIl of equal tensile and compressive steel is only 
wasteful, and tension cracks also develop in these beams, 
Compresion steel should not eweed 4 per cent. 


The conipressbn bars must be anchored to the tenslLe 
bars by means of stirrups or binders to guard against 
their buckling^ even if no stirrups arc required for shear. 


If steel is crowded into a concrete member, it will be 
difheuit to ensure sound concreting. Owing to the diffi^ 
cuky of compacting the concrete properly due to the ihelw 
of steel, air potkets may form causing lack; of continuity 
in the beam and reducing the bond or adherence between 
the concrete and steel. 

Data for H.C- Beam a Reinforced 
for Tension 

per la inches width of beam 


Detaili of Dblribu- 

tioo bus Jot iSc 
R.C. SIstH Table 
on page 


4 

ELaund 

but 

ftcndiAg 

footticm 

Totil 

depth 

Efl^tjve 

depth 

Am et 

teoule rexA-* 
fcrrctmoit 

“3 "3 








[«PO 





iiu. 

m. Ib«. 

ms 

ini. 

sq. ia. 

T 

® ^ 

[ 43'4 

6 

5*35 

' 0.56 

3 

* s'" 

M 4 

81 

5-75 

1 o.bi 



64.3 

7 . 

6.93 

*.67 



75.0 

7 i 

6,75 

0.71 


r .. c 
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SLABS SUPPORTED ON FOUR SIDES 

Where the length of a slab is less than tw'ice its breadth 
and b supported on all the four sides it may be designed 
vrith tensile reinforcement in both the directions at right 
angltt. Maximum bending moment b worked out on 
a strip of unit width on each span, according to whether 
the ends are simply supported or built into the walb 
(semi-fixed), or cast monolithically with the supporting 
beams (continuous). This bending moment is multiplied 
by the appropriate (actor given in the following table to 
obtain the proportion of the total bending moment to ^ 
designed for in each direction. 


Loof spanyifaort (pan | i.O|i.i 

1.3 

i.asji.s |i.4 

>•5 

«.75 

3.0 

Acrem long span .50 .41 

•3a 

.39 -.35 |.20 

•«7 

.10 

.06 

Acrow short span 1 .50 |.5f) 

.68 

.7* ‘-75 

•83 

.90 

•94 


Reinibrcement for negative bending moments will be 
4/5th and frd of the positive reinforcements across each 
mid-span where the slabs are partially fixed or continuous. 
Extra reinforcement should be provided at the comers of 
the panels where they are fixed, equivalent to half the 
maximum positive bending moment reinforcement in 
the middle strip, in the form of a mesh near both the top 
and bottom fa<^ of the slab for a dbtance of one-fifth of 
the long span in both directions from the comers. 

(The above b an approxinute method good for practi¬ 
cal purposes). 


The thickness of the slab is based on the greater bending 
moment which will be on the shorter span. Long span 
reinforcement b placed above the short span reinforccmcRt, 
No dbtribution reinforcement is provided. In the central 
half of the spans bars may be spaced according to tlie 
calculated maximum bending moment but in the outer 
portions, the spacings may be increased to i ^ times. 

Load Reactions on Snppoting Beams from Slabs 
Supported on Four Sides; 


on each short span is taken as on an area formed 
by the intersection of 45 deg. Unes from bodi corners (of 
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a short span) and that on the long span equal to the 
load on half of the (long) span minus the load on the 
short span, as follow's:— 

Load on short span beam: Wss= —— 


-Ws 


«.r wLsLl 

Load on long span beam: ^ • 

Ll is long span, Ls is short span, w is the load per unit 


area. 

Circular Slabs supported on perimeter, two-way 
reinforced:— The maximum bending moment a,t the 
centre on a strip of unit width may be taken for 

simply supported, 1/40 wd* for par tially fixed, and 1/48 wd 
for fixed ends. w is the load per unit area and d 
is the diameter. The bending moment is maximum at 
the centre and is reduced towards the circumferen^, 
therefore, reinforcement may also be reduced towards me 
the circumference. For fixed slabs, the negative bending 
moments at the supports may be taken the same 
positive bending moments and reinforcement provided 
radially at the top. 

T-BEAMS AND L-BEAMS 


The T-beam is the commonat t>T>c of reinforced 
concrete slab and beam monolithic construction. The 
part of the floor projecting downwards is caUed stem, 
or web of the T, and the slab portion theyZan^e of the T- 
beam. When there is a flange only on one side of the 
shape of an inverted L, it is called an ell-be«^. 

A floor usually consists of main and secondary beams. 
Between two main beams are secondary bearm at right 
jmgles to the main beams and are usually ^aced 6 to 9 ft., 
framing into and supported by the mam ^ms. The 
rnd spans should be made about 0.8 to 0.9 of the^mterior 
spans so as to equalize the bending moments. The ad- 
vanuge of such a section is-.the horizontal flange of concrete 
supplies resistance to compression while the verucal nb 
gives depth and le\'er arm. 

For a T-beam the breadth, b, of the flange shall 
not exceed the least of the following: 
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be^: (,„) the breadth, b' of 

bSrrji 

hilfofthcbrra^nhhc flanged flange js ^u^Uy 
the Ic^t of the folJo^fng^l 

H brea^^h^b^^orthc^h^'"? iht dl^hcam; 

distance between ribs- fiVn thr h 

pJi« four tizne. theXh^ nb 

Desim of *„ "'^ness, t, nf the slab. 

the flange fonL“jtrTor 1 hefrh a T- 

beams. The slab is us^lL d^spanning across the 
liuous slab spanning from rib * normal Conti- 

of Jib,. Where o Ub^paos L';~‘‘'“*''"i'>' '<* ''’<^«” 
which frame into main T-I^Lb 'wondary T-beam, 

of (be Jiab will run ji^irallrl lo the m^i ™"*“™ment 

case at least o.-s ner cent i ^ T-bearnsj in that 

"lab at right an|lM to the uLln'r h^' PL?''*'*'’'^ ■" *«■ 

^omic ipan for a dab^,, fr %"?’■ The "laximum 
first » that the flange thicknc», ,'. fa *cidcA * 

should nlTbc'Lrikii^fso of S?cL‘^'’’‘^ of a T-beato 

4 to 6 times the thictneis of n « tisiiaUy 

dcpdi. the greater the Cer arm •»>* 

OUantity of neel required- buTlhere 1™ the 

Jepth As a guide, the denih of .if to the 

(«) for light loads—i/aoifthc^na ^ */« ^ taicn; 
'»=**-</i5 of Ae span; W for £ r’ /*>/«■ ">«dtum 
por «. ft. and over)-, .g'^V the ^ “»■ 

^ Economic depth of n T-hl,™' ’P*"’. 
the ratio of Ac cost ofeonereteand stettone'^ft'’'’’"* "'= 
EiConomic depth qfaT^bcam^ /RxBM t ^ ^ 

v'TT^+V 

«mc™rt^c.rAS™' “-.ratio of cos. of steel and 
WidA of rib, h’: Sin^ce tL^ ' ' 1 “- 

.o-hinee Ac concrete in Ae rib doc ni-t 
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do any work to carry the bending mpmcni^ this may br 
kept as narrow as possiblOj but it has to bK; siifhclcntly widrr 
to accommodate steel rdnforocmcnt. As a rough ruJc* 
a width ofstl times tlic sum of diameters of bars is required. 
The rib cannot be less than 6 ins. wide where more than one 
bar is required. It is most economical to make b' 
but it should not be less than ^{d —t) or ie&s than at, and 
not more than |d. Under distributed loads it may have 
the minimum slac prescribed^ but under concentrated 
loads check for shear. 

Shear is the deciding factor in fixing the size of a rib 
and the cross-section must be suBident to resist the shcai' 
force. The rib takes the entire shear^ and iu depth is 
measured from the top of the flange. The flanges of T- 
section arc of negligible value in resisting shear. 

Total shear force x (d —^0 xfs 

fs' is the pcrmissblc shear stress and b given in Table I. 


Derivatioa of Moment of Kei^istance of a T*b<am 
Position of nentral axis. The neutral axis, kd, u 




T 

Vi 


d 


a 


rectangular beam. 


determined as for a 
rectangular beam. The ~ 
nemraf axis will nor- ^ 
inally lie below rhe j 
flange; where the slab " 
is so thick that the 
neutral aicis lies within 
the flange thickness, 
ihcT-btam is designed ; 

To simplify calculations, the small amount of compres¬ 
sion taken by the concrete of the rib above the neutral axis 
(shown dotted), is xtsually neglected, and it is considered 
that the whole of the compression is taken by the concrete 
flange of area bxi. The ce^mp^CEsivc force in the con¬ 
crete is assumed to act at a point t/a below the compression 
edge. 

Stresses, The compressive stress varies from a maxi¬ 
mum, fc, at the txr-fine compression edge to zero at the 
neutral axis. Total Compressive force on the 


concrete 


= Xbxt lbs. 
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which for equilibrium of the section of the beam=total 
tensile force in steel =As xfe lbs. acting at a depth d below 
the top edge of the flange. 

Moment of resistance of beam. Xhe compressive 
force acts at a distance 11, and tensile force acts at a ciistance 
d from the extreme compression edge. Therefore, the 
lever arm jd =d — Jt. 

Moment of resistance due to concrete in compression 

=BM • 


^ xbxtxjd, which is«»Asx6xjd. 

Therefore, fc^ 


BMxkd 
bt(kd-Jt) xjd 


and As=- 


BM 
& xjd' 


fc b compressive stress in the concrete and Is b 
tensile stress in the steel. 


Steel percentage, p, at equal strength ratio 
as 

fc / kd—Jt ^ t 

""Is A'n^j ■dT- 


The cross-section for area is taken =b xd 


Sted perccouge 

1 0. to 

0.15 1 o.ao 

o.as 

0.30 

For 75n,iftfw> 

»/d 

1 0.36 

o.y> 0.G2 

0.71 

0.76 

and in«i5. 


The following table will be found useful for designing 
T-Bcams 



fc 


B.M 

Q- 

bd» 

r« 

m 

ratio of t/d 




o.to 

0.15 1 0.20 I 0.25 

0.30 

0.35 

0.40 

18000 

180001 

ifioool 

75 ° 

es 

18 

*5 

64 

62 

—22. 

84 j 102 ! 118 

86 too 1 114 

66 1 <78 1 86 

H 7 

120 

— y 

»34 

124 

—2i- 

‘S 7 


Continnoas T-beams. The design b similar of that of 
a doubly reinforced rectangular beam b' xd. The upper 
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flange portion is in tension and ’the lower rib portion is in 
compression over the supports. For tension at the top, the 
flanges at the supports are ignored and steel is provided to 
take up thewholeof thetension. The concrete area of the rib 
is not usually sufheient for the compression at the supports. 
To meet this the beam u either splayed out at the supports 
to increase the depth of the rib, or compression reinforce¬ 
ment is provided to supplement the compressive resutance 
of the rib, or a combination of both the methods is employed. 
The depth of the splay of the haunch near the supports 
is made equal to 2d, and length equal to L/6, measured 
from the centre of the support, L is length of the span. 
Tlie tensile bars of the mid-span of the T-beam which arc 
carried through to the support should be bent down with 
the splay. 

In L-beams, a bending moment applied in a vertical 
plane produces twisting moment. This is resisted by the 
top slab and any beams which frame into the L-bcams. 
To help the twisting moment, extra top steel should be 
providra along the length of the L-beam and also a strong 
system of stirrups. 

RIBBED OR HOLLOW TILE FLOORS 

Where spans are large and super-load light, self weight 
is a major item, economy and lightness can be effected 
by the incorporation of hollow earthenware or pre-cast 
concrete tiles in the lower part of the concrete slab. In 
a normal R.C. slab, the concrete below the neutral axis, 
being in tension, serves no useful purpose as far as strengh 
is concerned, and is neglected in design. Part of thu 
concrete is replaced by the lower hollow tiles. The tiles 
arc spaced in rows so that concrete ribs are formed between 
the rows, and the floor becomes a series of T-beams. The 
tiles are ribbed on their outer surface and thus key in with 
the surrounding concrete. A ribbed floor b conriderably 
lighter and cheaper than a solid R.C. slab floor of similar 
depth. 

Ribs and slab are placed monolithically and the ribs 
are not further apart than 3ft. face to face, llie ribs should 
have a minimum width of 3 ins. to 6 ins. and depth not 
over three times the width. Slab thickness u 1 1 ins.to 3 ins. 
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A Strip of solid slab at least 4 ins. wide should be left ad* 
jaccnt to the supporting beams or walls. Light rdnforcc- 
ment is provided in the slab at right angles to the ribs and 
just above the hollow tiles. 

Design follov^s the same principles as for T-bcams. 
nrhc concrete above the tiles takes compression and for 
calculation of neutral axis and lever arm, the dq;)th 
of compression flange is usually taken =actual depth 
of concrete slab over the tiles in.=say, x. If 

the neutral axis lies within the above depth, x, of the com* 
pression flange, the floor is designed as a solid slab with 
lever arm jd=d—|kd. If the neutral axis lies below the 
depth x of the compression flange, design the floor as a 
series of T-beams. The compression flange depth (t)=x. 
Lever arm jd =d—Jx. Width of the compression fl^ge is 
centre to centre of the ribs. 


The maximum shear at the supports should be checked, 
and should be considered to be resisted by the area of the 
rib only, lever arm being taken for the respective case. 

Example—typical 
ribbed floor: 

Span-:i2 ft. 

Lave load-60 lbs. 

WT 

-- 178900 in.lbs. 

10 ' 

Asst .02 sq. in. in 
each rib. 



(Concrete is very mucit under stressed) 

3. COLUMNS 

Types of Colainiis. Reinforced concrete columns 
have two types of steel reinforcement: (1) main or 
longitudinal reinforcement consbting of vertical bars 
which share the load with the concrete and also uke any 
tensile stresses caused by lateral forces or eccentric loads, 
and (ii) transverse or lateral reinforcement which bind the 
longitudinal reinforcement. The object of the transverse 
reinforcement is to prevent the buckling or spreading out 
of the longitudinal C)ars and to prevent the concrete from 
splitting outwards on planes of greatest shear stress which 
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is at ^5* to the axis of the column. The more closely 
spaced these linlu are, the greater the load the column will 
carry. The columns are divided into the types according 
to as the transverse reinforcement is hxed. These are 
tied columns in which the longitudinal bars are tied by 
independent links (also called hoops, ties or binders)at 
certain vertical distance apart, and spirally rdnforr^ 
or beUx columns in which the binders are spirally round 
the vertical reinforcements in continuous helix equally 
spaced. This makes the column much tougher and this 
type of columns are used for heavy loads or where the 
size is restricted. A composite column is one in which 
a sted or cast iron section is completely encased in concrete. 

Permissible Loads on Columns 

Axially loaded columns. An axial load is a load 
having its resultant acting at the centroid of the column 
section. 

^ (i) Safe axial load P a short R.C. column can carry 
with longitudinal bars and lateral ties: 

P=fcxA+fsxAs 

(ti) Safe axial load P a short R.C. column spirally 
reinforced can carry: 

P—(fc X A') + (f$ X i^) + (2fb X Ab) 

Where: few permissible strea in concrete in direct 
compression; A=crosS'<^ectional area of concrete exclu- 
ding reinforcing bars; fswpermissible compressive stress 
in steel for column bars; A =cross-sectional area of con¬ 
crete in core of column; Aswcross sectional area ^ 
longitudinal bars; fb^permissible stress in helical rein¬ 
forcement; Ab=» volume of helical binder per unit 
length of column. 

The value of fcxA-fafbXAb should not exceed 
(X crushing strength of concrete xA. 

Perm issi ble stresses are given in Tables I and II. 

When in spirally reinforced concrete columns the per¬ 
missible load is ba^d on the core area, the least lateral 
dimension and the radius of gyration of the column shall 
be taken of the core of the column. 

Short and Long Columns. Columns are considered 
short or small when the ratio of the “effeedve** column 
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length to it> leaat lateral dimension does not exceed !5. 
This ts called "alendcmess ratio" or "buckling factor.” 
Columns generally lail by buckling unless the length is 
smalU Safe loads obtained from the above equations for 
short columns should be muLiiplied by tbe reduction lac- 
ton given in the following table, to obtain safe loads on 
long columns. 


Reduction Factors for Long Columns 


lusio i:/ 

la 

le 

at 1 34 1 27 

30 

33 1 3S 

39 ! 

4a 

45 

Facter 

t.c 

o.g 

O.d O.-J o.€ 

C;5 

0.4I 0-3 

0.3 

0.1 

0 


t is the "effecuve length”, d is least lateral dimension. 
d is based on gross cross-sectional area of column with 
independent binders and on core diameter with helical 
binders. 

'^‘^EfTecti've^’^ Lengtli of Cdlazniia : 

(f; Fixed at both ends in position and direction e.g 
a Column with a deep footing at bottom and whose top 
end b fixed by four beams from four directions,-o^75L. 
(Lb actual length.) 

{it) Fixed at both ends in position but not in direction,-L. 

«o Fixed at one end in petition and direction, but 
imperfectly fixed at the other end, *L to aL depend¬ 
ing on the degree of fixidity of the imperfectly fixed 
end- Where the upper end is &ee, it is «aL. 

In the case of a column continuing through two or 
more stories, L b the length of the column between Aoor 
Icveb, or between floor level and any adequate intermedi¬ 
ate bracing or Buppart, Foor beams may be taken as 
lateral restraints for determining the value of L. 

The rigidity of R. C. C- etisures good conditions of 
end fixity and the effective length normally b between 
0.75L and I ^agL. The number and size of beams film¬ 
ing into a column at a flocy level and the type of foundation 
in the ground floor columns will affect the degree of end 
fixity. For moat of theR, C. C. column and beam works, 
actual length will be the effective length. 
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The length of a column should not be more than 45*/ 
for axially loaded columns and aorf for columns subjected 
to bending In addition to direct loads. 

Eccentrically Loaded Colamna Prodneing 
Bending Momenta 

Eccentric loading on columns may be caused by brackets 
carrying heavy loads and from unsymmetrically loaded 
beams which frame the column; external columns arc 
subject to greater bending moments than internal columns. 

Bending moments due to bracket may be calculated 

as explained in Sections 3 and 10, with the equation •— 

A is the equivalent concrete area when the column is 
reinforced and is=bd x(m— i)As. 

>=“*+[(a.-.)Asx a)«]; z=-j\ 

where ; I =momcnt of inertia of column section about 
neutral axis; bd arc sides; As is total area of steel; as^dis* 
tance of centre of steel from outside edge of column. 

It has been explained in Section 7 that when the result¬ 
ant pressure falls away from the centre at a distance 
equal to one-sixth of the base width , there is neither 
tension nor compression at the heel (extreme edge) but 
the pressure on the toe (edge nearer the load) is twice 
the average pressure. In R. C. columns if, c, (eccentricity) 
1$ less than about o.2d, no tension will occur in the column 
and the maximum compression can be calculated from 
the equation given above. The compressive stress (which 
IS combined axial and ^ding stress) mmt not exceed 
the permissible compression on concrete in bending given 
^.(750 for t J 2 :4, and not 600), multiplied by 
co-efTicient for long columns where appli* 
. A maximum tension of one-sixth of the permis¬ 
sible direct compressive stress may be allowed in the conc¬ 
rete. If this stress is exceeded on the tensile side, 
section of the column must be increased. 

centre line of all the columns one upon another 
on different floors, which arc axially loadeci, ^ould be 
the same. 
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In the case of imsymmetrically loaded beams (raining 
into columns, it requires lengthy calculations for the exact 
design of columns for the eccentric loadings. Large 
number of columns carrying beams have, however, be<m 
designed and constructed (or a direct axial load only, 
the column load being taken as the end reaction of the beams 
framing into it and the end reaction being calculated as 
if the beams were simply supported. This may be taken 
to be sufficiently accurate and adequately safe for normal 
column design in the field. A negative bending moment 
should, of course, be allowed for in the design of the beam 
at its jimction with the column. 

Another simple approximate rule erring on the safe 
side is to consider a oimding moment at the top of a 
monolithic comer column equivalent to one>third of the 
maximum positive bending moment of the supported beam. 
If the base of the column is considered fix^, take one- 
sixth of the positive bending moment for the base as well. 
For internal columns supporting continuous beams (not 
monolithic with the column), take additional vertical 
load on the column equivalent to 15 per cent of the total 
dead and live loads on the column. Consider the worst 
position for the loads. 

In a building of more than one floor, the effect of an 
eccentricity of load at a given floor is considered to have 
disappeaired at the floor below . The column in the 
floor below is designed for an axial load only from the 
floor above. 

Longitudinal reinforcement. The cross-sectional 
area of longitudinal reinforcement varies from o. 8 per cent 
to 8 per cent of the gross cross-sectional area of the column. 
From I to 4 per cent of steel is commonly used in tied 
column and greater percent in spiral columns. Sixes 
of longiti^inal b^ i^lly vary from | in. min. to ins. 
The minimum size is governed by the need to ensure 
that the bars are stiff enough to stand up straight in the 
column boxes during concreting. A column bar may be 
left straight at its end, no hook or bend being necessary. 
While fUling in concrete care should be taken to sec that 
all the rods stay truly straight. The entire length of 
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column from top of lower floor or foundation to the sofifit 
of the beam under the upper floor should be filled in one 
operation. 

For small columns four bars, one in each comer, are 
used. For larger sizes, up to eight or twelve bars may be 
used. The minimum number of vertical bars is four in 
tied columns and six in spiral columns. All bars should 
be placed equidistant. The clear space between the 
bars within the periphery of the column core should be not 
less than i ^ times the diameter of round bars or two times 
the side dimensions of square bars. 

For joints in the longitudinal reinforcements, the bars 
should be overlapped for at least 24 times the diameter 
of the bars, and for works in water, for 30 diameters. The 
joints should be staggered. Joints should be made at 
floor leveb or beam intersections. The transverse rein¬ 
forcement should be spaced closer at the joints. No 
hooks need be provided at the ends of the compression 
bars where joining. 

In any column that has a larger cross-sectional area 
than that required to support the load, the minimum per¬ 
centage of steel should based upon the area of con¬ 
crete required to resist the direct stress and not upon the 
actual area. Also, in case of columns having the ratio 
of length to least radius of gyration less than 12, the re> 
quirement regarding minimum amount of steel need not 
apply. 

When a column continues up through a floor from one 
storey to the next, the main longitudinal bars of the column 
must pass up ei^er within or outside the reinforcement 
in the floor beams which frame into the column. In the 
latter case the width of the column should be at least 3 ins. 
more than the width of any beam framing into it. If in 
addition, the section of the column is sn^er above the 
floor than it is below, the main bars must be bent in¬ 
wards at floor level, or must be stopped off short below 
floor le^'cl. 

Tranaverse reinforcement. The diameter of the 
transverse reinforcement (binders) should not be le« than 
a quarter of the diameter of longittidinal bars nor less 
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than A in. except for very small columns when up to i6 
gauge wire can be used which is the size of wire used for 
tying the bars. The maximum size of binders used is 
J in. for independent ties and up to i in. for spirals. The 
binders pass round the outside of the main bars and are 
anchored by hooking over one of the bars. The pitch 
of the transverse reinforcement should not exceed the least 
lateral dimension of the column, or twelve times the dia¬ 
meter of the smallest longitudinal bar, or 12 ins.,* which¬ 
ever is least, and need not be less than 6 ins. If there are 
more than four longitudinal bars, additional ties should 
be pro%aded. 

The volume of transverse reinforcement should not 
be less than 0.2 per cent of the gross volume of a column 
with up to 2 per cent of main bars, or 0.4 per cent of a 
column with over 2 per cent of main bars. In calculat¬ 
ing volume of links, the end hooks arc not included. 

In the case of helical reinforcement the pitch of the 
helical turns should be not more than 3 ins. nor more 
than one-sixth of the core diameter of the column, which¬ 
ever is less, and need not be less than i in., nor less than 
three times the diameter of the steel bar forming the helix. 
The volume of the spiral steel should be at least i per cent 
of the core. The helical binding should be regular, evenly 
spaced and anchored at the ends. 

COLUMN FOOTINGS 

The following stresses have to be considered in footing 
design :— 

(a) Bearing pressure on ground which must not 
exceed ^e permissible pressure on the ground and this 
will decide the maximum area of the footing . Area of 
footing (axa for a square footing) 

_ Load on column-f weight of footing block 
Safe bearing pressure of soil 

(^) Punching shear on footing. The fooling slab 
or block must be thick enough to resist the tendency of 
the coluiM to peneicrate and punch a hole through 
the foundauon block. The permissible punching shear 
str« on concrete is equal to twice the ordinary shear 
and IS normally taken at 150 lbs. per sq. in. for i : 2 : 4 mix. 
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The area over which the punching shear woul 
is the perimeter of the column multiplied by the effective 
depth d of the footing, t.r., ^Xd. The intensity of the 
upward reaction of the soil below the footing caused by 
the load W of the column is W/a* and acts on the area 
a*—6* with a tendency to lift the footing while the load 
W on the column presses the column down. These t%FO 
forces opposite to each other in direction cause a shear 
which acts along the sides of the column through the 
thickness t of the footing block. Equating these two : 

=4^ X^Xs, where s is permissible unit pun¬ 
ching stress. This gives the effective depth due to punch¬ 
ing shear. 


(c) Ordmary diagonal shear. Normal shear stress 
which occurs outside 45 deg. lines drawn from the edges 
of the colunm downwards through the block, must 
not exceed the permissible shear stress as given in Table I. 
Total shcar=:unit upward soil pressure (W/a*) x(fl*—r*) 
and acts on the area 4<xo.858</. 


Therefore 



858X75 


.058 is lever arm; 

75 is shear stress for 1:2:4. 


{d) Bending moment due to the cantilever action 
of the footing projection *. (The bending moment is 
luually taken at the centre line of the column although 
5"® P*‘®jc<^tion of the footing is fixed below the column and 
It should be considered at the edge of the column.) 


BM. 



^b) on unit width of foundation block. 
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Equate this with moment of resistance due to concrete 
= 1376^* (for 1 12:4 mix, Table at page 8/26) from which 
d can be found. 

Take the maximum depth that works out from either 
of the above four stresses. Depth due to punching shear 
is usually maximum. 

Safe Loads on Short R.G.C. Columns 


for 1:2:4 mix with mild steel bars 
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Reinforcement 

BNl 

Ara of steel wiU be (as usual) = ".so.JoxTSpr' 

for unit width of block. The tensile reinfoit^enl may be 
provided either one-w-ay or two-way, which should be 
able to resist the full bending moment in the fcM^mer and 
at least 85 per cent in the latter case. Prefer two-way 
reinforcement for all heavy loads. 

To ensure 45 diameters bond length from the centre 
of the slab to either end of a bar, the leng^ of the bar 
(hooked) must be 2 X36 dia. ins., i.r., bar diameter must 
be at least: length of block/72 in. All the bars should 
be hooked at the ends. 

4. W.\TER TANKS AND SMALL RESERVOIRS 
(Reservoirs have also been described elsewhere; see Index.) 

Ordinary' 1:2:4 ceni^nt concrete does not generally 
make a s\*aier-proof constmciion, therefore, a richer mix 
of i:x|:3 is usually prescribed. “ContixJlcd concrete” 
or \ibrated concrete should be used where practicable 
with minimum amount of water. Water-proofing com¬ 
pounds should be added with the concrete in contact with 
water as there will always be some “sweating” on the 
outside surface even if there are no cracks. For thick 
structures and mass work i :2:4 mix may be used. Working 
stresses adopted are given in Tables I and II. In calculating 
the resistance of the concrete to cracking it shall be assumed 
that the concrete is capable of sustaining tensile stress as 
specified in Table I but in calculating the strength of the 
structure no tensile stress shall be assumed to exist in the 
concrete. 

Practical Rules 

(0 No reinforced concrete wall or floor slab shall be 
of thickness less than i in.-}-1/40 depth below top water 
level with a minimum value of 4 inches. 

(«*) In wall and floor slabs there should be in each 
direction at right angles, not less than 0.3 per cent ol 
reinforcement based on the gross cross-section. 



8/43 INDIAN s^ractical civil engineers’ handbook 

f«iT The laars used should be of the smallest diameter 
possible. Laps in bars and minimum cover to reinforce* 
merit haw been dc^ribed before. 

(ifl) Distribution reinforcement should be put in 
where other cross remforcement is not provided, in both 
faces of the wall (where the main reinibreement is on both 
faces) and shall consist of small diameter bars (| in. or less) 
at fdrly close spacing (say* g ins. to 1 2 ins. centres). Disiri- 
buiion rods placed outside the mam rods are easier to fix 
and arc more effective. 

(p) Walls of tanks built below ground should be reinfor¬ 
ced in both faces to resist die bending mottnent due to pres* 
sure of backing behind v^all on the tank when empty 
and the water pressure neglecting pressure of backing. 

(ct) The height of any layer of concrete shall not exceed 
6 ft* unless precautions arc taken to ensure thorough con* 
wiidation throughout the height of the layer* Super¬ 
imposed layers shall be cast at as short intervals as arc 
practicable. 

(ta'i) Water tanks may be Insulated against external 
temperature changes: by covering with earth; by lagging 
externally with Umber, fibre b^rds or other materials 
of low thermal conductivity and filling the air space with 
saw dust. Encasing the tanks with walls, with or without 
an air space \vi\\ also reduce temperature effects 
considerably. (Sec also at end ofElrt-ated Tanb"—**Core 
Walls".) 

fpiii) Surfaces in contact with water should be dense 
and smooth. In order to attain this the formwork should 
be removed as soon as practicable and the concrete surface 
treated as folloi^'s:— 

All projecting imperfections should be rubbed down 
with carborundum stone and thorcuighiy washed 
with water. ^ Then as a separate operation a 1 : i.| cement 
and Sand mixture should be worked smnoth into the pores 
over the whole surface tvirh a float. No more material 
should be left over the concrete face than is necessary 
to Completely fill the pores. Some water-proofing 
compound should preferably be incorporated into the 
mi xture. 
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(ijf) Stniccurcs may be lined with impemous maLtcrials 
juch as asphalt} tilaj (o prevent pereoladnn or chemica] 
action. 

Internal diameter of ^ /capacity in gallon 
adrcuhrtank -V 4.91 height 


Dis. in. 
ft. 

Cipadiy 
in gnlh. 
pCTft of 
height 

Duu in, 
ft. 

Capacity 
in galb, 
per ft. of 
height 

Din. in 
ft. 

Capacity 
ingalk, 
per ft. of 
hei^t 

5 

tj» 

TI 

S 95 


1430 

e 

176 

13 

730 

18 

*583 

7 

940 


030 

19 

1770 




953 

30 

1360 

s 



t IDO 

as 

3*15 

IV 

490 

16 

1*47 

30 

4410 


Ciecnlar Tanks* Water exerts at any 
point a umform radial pressure in all dirccdons in dia’* 
mctncal plane at right angles to the curved sudace of the 
cylinder. The pressure increases as the depth below the 
surface and it =wxh Iba, per sq. ft, at the bottom of h 
ft, height. The total pressure in the curved surlace 
{semi-drcular) is the same as that In the diametrical plane 
which is =w xh Xd. This pressure is resisted by the 
two aides of the ring} which is called hoop tension^ ring 
tension or circumferential tendon. 


Circumferential tension T at any depth h in a hori' 
zontal ring oT i ft. height { 

^_ wxh xD I w=weight of water per c* ft., 

2 I D=interaal dia* of tank in ft. 


Sufficient thickness of concrete is provided to resist 
this tension against cracking, and steel is provided For 
strength. 


In the tension zone of a reinforced coneretc structure 
the steel does not fully ulte the stress until the concrete 
has first cracked hy having exceeded its tensile stress limit, 
in water retaining structures it is not desirable to let the 
concrete crack as it would lead to leakage. To keep a 
reasonable factor of safety against cracking and leakage^ 
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only haJf the ultlixiatc tensiJe stress of the CbHcrete U 
ooQSidcTcd to take the tension (see Table I). The 
maximum tensile stress developed on the face away rram 
water should not exceed the ultimate tensile stress. 

Thickness of wall t to resist the circumferential tension 
is bas^ on the composite scetjoit^ area of concrete 
plus equivaJlcnt area of steel, viz.,. 

-=no[ta" xt-hAs x(ni-0] 


no is the allowable stress in 1:2:4 concrete for 
cylindrical tanks ; la" is the height of wall Considered 
under pressure^ As Is area of tensile steel in sq» ins. This 
may be taken t 


t=^— for 1 : 2 : 4 mix 

45 

bO p , 

for 1 : Ji t 3 mix 

Thickness may be reduced 
made tapering, according to t 


h and D are in ft., 
and t is in Inche 

Mirumum thickness 
prescribed is 4 inchejf- 
towards the top and walls 
1C height of water. 


Cross-sectional area of ittxl to resist the circumferen¬ 


tial tension per ft^ depth ; 

. wxh xD _ KD f I isooo is allowable stress in 

~2XtaOOO ~ 385 ^ I steel for ring tension^ 

Steel at other depths can be determined similarly and 
reduced towards the top. Hoop relaforcement may be 
placed in the centre of the wall in small tanks, and partly 
on the inner and partly on the outer side in big tanks. 


The walls of cylindrical tanks may be reinforced hy 
hooping external to the walls, such hooping being stressed 
in tension by tirm-buckles or otherwise, so as to produce 
circumferential compression in the Concrete prior to 
filling the reservoir. This method enables the concrete to 
be placed under initial compression, and as there is no 
tendency to crack the profusion of joints is unnecessary« 
provide vertical ban on the inside of the hoops as dis¬ 
tribution steel. (See under ** Rules for Distribution 
Reinforcement" and also “practical Rules")* 
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The above method of deaSgrung may be used for cy* 
lindncaL tanks where the wall b not hxed to the floor stab 
and a sliding joint at the bottom of the wail is provided. 
Small tanks with monallthic floor and walls may, however, 
be designed according to the above rules to simpIiTy cal¬ 
culations, taking additional precautions for making the 
wall and floor Joint perfect as stated hereafter. 

Walls rigidly fixed to tlic floor in. CiroilxrTaiiltJ* 

If wall and base of a tank are monolithie, in addition to 
the hoop tension due to the weight of the water, negative 
bending moment (inside) is produced by the restraint 
at the base of the wall for a short dbtance above the base 
and which changes to positive moment above. At the 
bottom of the wall the hoop stress is lero and 
the whole load b resbted in a vertical direction by 
Cantilever action. At sections, a short distance above 
the floor, the load b resisted partly by hoop acticn and 
pardy by cantilever acdon, and higher above the resb- 
lance is wholly due to hoop acrion. Fixed base gives an 
economical design, but it involves laborious calcubdons 
to work out the exact stresses. The following simple 
method based on Reissner^s theory b suggested for practi¬ 
cal purposes. 

(i) Max. negative bending moment (called restraint 
moment) at the bottom of the tank wall 

BM =a X wh* —ft. lbs. per ft. length of wall. 

From this the vertical reinforcement b worked out. 

Area of steel per ft. length — 
where : 

ft^permissiblc stress in steel for ring tension =J2000; 
j =iever arm factor =0.547 f®*" and 6tto concrete^ 

t= effective thick neis of concrete wall. Thickness of wall 
b assumed to arrive at the value of the factor a; 
a—is. a factor—value given in the table following. 

Equivalent vertical reinforcement b provided on the 
waterside of the wall for a distance of about Jtb the height 
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from the bottom. Alternate bars may, however, be 
continued up to the top. To meet the pontive bending 
moment on the outer face, which is only about |rd of 
the negative restraint moment, half the bars may be pro> 
vidcd for the full height of the wall. (The verdcal rein¬ 
forcement is very light, therefore, full height baia have 
been suggested, to which the horizontal bars can be 
ded.) 


(it) Maximum hoop teiuion : 

. wxhxD ,, lb is a faaor, value given 
T-bx - - -lbs. I able followup. 


(lit) Posiuon of maximum hoop tension above the 
bascKCXh, c is a factor. Max. hoop tension in a fixed 
base and free top construction generally occurs at a point 
o.6h from the top. 

Area of maximum ring reinforcement per ft. height 
will be T/12000 sq. iru. This may be r^uced both 
above and below the max. hoop tension point. 

Corners mnd Edges. If the base is not perfectly 
fixed with the wall the design will not be safe. A fillet 
(also called splay or haunch) should lie introduced at 
the junction of the wall and base so as to increase the 
stiffness of the comer. 

The splay may be 6 ins. , > ^ I_ 

X6 ins.to gins. X9 ins. ?* ^ 

as shown in the figure. 







Additional horizontal ,, 
steel must be added at ® • 
the comers in L shape 15 
through the walls and ^ 
the floor, and also 
sufficient haunch bars 

E rovided. Similarly horizontal reinforcement and haunch 
ars must be provided at the vertical edges. 






In shallow tanks of large diameters, the tendency of 
the walls is to act more like vertical cantilevers and hoop 
stresses are small. When the height is very great com¬ 
pared to the diameter, there is only hoop action and no 
cantilever action. Where the diameter is greater than 










BSTHTOBjC^ CEKKST COSCHITB & 9RICKW0BK B/53 


24y/h, it is economical to design the irallH as cantilever 
beema anchored to the floor. 


Fjl^CTOnS FOB ClBOtriiAJt TANK HESIOK 

AOCDBomo TO anasNKH'fl theoby 


Fi«tor 

hfU 

OA 1 

o.t 

0.3 

0.4 

0.5 

t 

2 

3 



*CK7S 

.045 

.030 

,024 

.020 

.012 

.006 

.005 

A 

b/t^£D 

.MS 

.0S« 

-Oia 

.0L4 

.012 

-006 


.003 


h/t-SO 

.osa 

.023 

.OLE 

-010 

.DOS 

.005 

.003 

.002 


h/t = i0 

... 

.30 


.43 

.47 

.01 

.73 

.77 

b 

h/l--20 

... 

n 

.51 

-5t ' 

.01 

.72 

■ 

.81 

.84 


hi!=50 

... 

.50 

,eo 

.04 

.68 

.77 

.65 

.67 


h/t-le 

... 

1 ■■■ 

.55 

.50 

.45 

.38 

,S0 

.27 

d 


1 - - 

,50 

.44 

-40 

-37 

1 .21 

.22 

.21 


li/t-30 


-44 

.30 

.34 

.31 

.24 

.10 

.18 


Rectaagalu and Stiuare Tanks. Bectapgnlar or square 
overhead tanka are not generaHy oconomicai or mutable 
except for amail aizes. In plane waJb the 'water-preasim 
is Teausicd by both Tertical ami hotizontal bending momenta, 
HeeUngnto tanks with walls t^td at the 

Ijon^udinai walls are designed as vertical cantilevera 
for the water pressure varying from a maximum at the 
bottom to zero at the top. The bending moment at any 
point is wh*/6* This moment causes tenajou in the face 
next to water. Provide some e.xtra steel on the outer 
face as well 

Horizontal steel in the long waUs must be sufficient 
to take the tertsion due to water-pressure tending to force 
^e kuu walls away from tbs end walls. This reaction 
is considered maximum at a depth of about }th from the 
top which is : T=|hxw>;J abort walls leu;^^ for 1 ft. 
«*a^t of long wall. Area of steel required to r^ist this 
horizontal tenskm^T/12000 sq* ba. per ft. of bdght. Thia 
be reduced both above and below tbe maiimuiD ten- 
Bzon poinU 
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Check this with the quantity of duthbotion steel 
required (which should be at least ^ per cent of the main 
steel—^ under “Practical Rules") and provide which¬ 
ever is greater. 

End traOs (or shorter walls) are designed as slabs 
spanning horizontally between longitudinal walls to i»- 
aist a positive outward bending moment of wL */16 at mid- 
span and a negative (inward) moment at each comer 
of wI^/12. Maximum bending moment at any depth 


hft. - 


wxhxL*xl2* 


Y2~ or 16 “ ***** P*** 


w is weight of water, and L is effective span. 

6-in. by 6-in. fillets should he provided to all comers 
to give added strength and extra horizontal reinforcement 
on the inside face for a distance of about 3 ft. in both the 
long and short walls. See also “Comers and Edges" under 
Circular Tanks. 

For reservoirs up to about 12 ft. in depth the walls 
may take the form of a vertical slab diminishing in 
thickness from base to top and those of greater depth may 
be provided with verti^ counterforts at about 3 ft. 
centree and the wall slabs designed to span horizontally 
between them. 

Won-monoUthlc wi^ 'Vhere the sides are not mono- 
lithic with the floor as in the case of large open reservoirs, 
sliding joints are provided; the design of walls is then 
identical with that of retaining walls. 

No beams are required ui^er walls of reservoirs as the 
walls themselves form deep girders and should be rein¬ 
forced as lintels as explained in the Section “Foundations," 
if no other equivalent horizontal reinforcement has been 
provided. 

Floors and Foundations of Tanks. Where plain or 
reinforced concrete foundatbns or floors arc founded on 
earth, a mass-concrete screed not less than 3 ins. thick 
shall first be spread over the ground and covered with a 
sliding layer of paper or other suitable material, ^^rs of 
tanks resting on ground are designed for the weight of 
walls and water pressing downwards and the reaction of 
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the Boi] pneauqg up^waidB. Tho floor slab rrquira only 
soffickiDt rftinfotroo^ent to 'CiiBble it to span over pofflible 
weak patches of the giound. 

A bending momeot of «D’/24 is tnken for dxtnilar 
elab«. The ateel oomputod from thia bending inonient la 
prorided in both direotions^ A floor slab thickness of 5 to 
S ins. la eommon with Teinforoenient of } in. dia. bsiB at 
fl to Q'in. oentrefl in both diroctionB in the bottom of the 
akb. If two mate, one top and one bottom are bud, one 
mat ahonbi be staggered datively to the other. Where 
the soil is weak or there in pc^bUitj of gronod wate^ 
preasiire, the base slab is projected as abown in the ilkt^i 
tratioiu The floor should be laid in two supor-iimpoeed 
layeis of which the bottom layer may oompriee or replaoe 
the masB-ooncrete screed deseiibod above. 

Floor Layers should be placed in ‘^sqaarcs'" or segments 
90 that the joints are not more thEui 25 ft. apart in the ease 
of remforoed slabs and not mote than IG ». apart in the 
case of plain concrete slabs. In monolithic walls the floor 
and wall joints ahould be in line. The slabs of the different 
layers shall be arranged to break joint. Joints shall be 
filled with bitumen. (See under “Joints in Ooncreto Struo- 
tures" in the following pages and also Joints in il.C. Boods^) 

Surfaces in oontwt with water Doay be treated dnriag 
the concreting operation with dry cement evenly distn- 
thereon vid worked in with a eted. trowei on tha 
initial set of the concrete so aa to proda» dense and smooth 
surface. 

Floor Slabs of Elevated Tknka. For circular tju>hn 
^pported on beams monoUthio with the floor sUb| u bend-^ 
mg moment of wIA/2fl may be takon in both direotioaa 
Alternate bars of eadi layer should be bent up over the 
beams to aerre as negative reinforcement* Some of the 
J^ical rods in the waBa should be beat round into the 
floor slab. The floors ehoukl be cart In panels or sectann^ 
ea described above. 

^ Joints* alao under ^‘Jointaln Concrete Stnurtnraa'^ 
in the following pagee*) Joints ahould bo providsd in watU 
every ^ to 26 ft. intervals which ahould be with complete 
diiooiitiiiuity in both reinforcement and concrete, with vwy 
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small initUl g&p betireen the faces. These are more of con- 
tisctiori jc^ta in email Btractures than expanson jomts 
^hich ne^ be ptrovided only 100 to 130 ft, apart. Metal 
strips ehcmld be j^vided in both constniction and oon- 
traction jomts. M hydraulic stmctniee, V—shaped 
sealiDg fllota are eoueidered more adTaDtageons than plane 
vertical dots. A suitable type of a joint (oalkd "strip 
joint") in vr&Ha coimiets of a ateeb eopper or xine strip 
ft iufl. wide and 14 or 16 gai^ thickt fixed vertically in 
the joint. The atrip has a cdmp^ CTosa-section cor¬ 
rugated in the centre) as shown in Fig, B under “Joints 
in Concrete Structmea”. 4' dia* holes at S-in. oentrea are 
punched near the edges of the strip to eectwely anchor it 
to the concrete. Steel stripe ahonld be coated with bitu¬ 
men. Rubber “water-slope" having a dumb-bell section 
have abo given good reetdis. The walls should be con¬ 
structed in alternate panels with aa long a pause as practic¬ 
able before the ooncrete ia placed in the mterrening panels, 
■o that they may contract fully, 

Horuontal constroction joints which are dne to tem¬ 
porary cessation of plsrang of CDnerete should be avoided 
as far as practicable by conciethig the waEs in as few lifts 

u possble. Such joints may be made with a rebate or V_ 

gPOOTC. The exist^ surfaDc ahould be hacked and grouted 
with rich cement mortar in 2-m. thick layer^ 

joints are made at the base of waBs where walls 
are not ri^ly fixed to the floor or the ground. There is 
complete dls^ntinuity in both rEinforceiuent and con¬ 
crete and a layer of bitumen ie mterpo^ which facili¬ 
tates movement in the plane of the Uyer^ See the Ulus- 
tration under "Elevated Tanks", and Fig. B. under "Joints 
in Concrete Stnicturefl" in the following pages, “Tongoed 
and grooved" joint* are also made betweeuwalls and floor 
slabs. Free eliding joints ahould be provided between the 
roof and walls of lar^ reeervoire or where the temperature 
movement is abnorrwl; this can be done by intcrposinfi 
a lead or bituminous sheet. 

Bseervoim built on water-logged soils or areas inbfect 
to flo^ are apt to f«l by floating doe to npward pressure 
when the rescrvou- ts empty* This can be guarded agaiurt 
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bj makiliLg the re&ervoir sufficient^ heavy to re dc t q^h 
vrard pressure, or by providing mtdeigirouiid draiuge 
where site and aoil conditicna permit. 

N<jtt4 for taoJc tables at pages 8^57 and 

(a) Thickness of concrete and reiaforoement gjvea ue 
a little more than required theorat3(»IIy» 

(&) Horizonta] reinforoementa can be reduced towarde 
the top to about | of the bottom reinforcement^ and 
thickneea of walls can alsa be dimimshed towards the top. 

fo] Light remforcement should be provided at tbe top 
in the floor slabs. 

{d) Tanks up to Xo. 6 can bo bxdlt ovtd-bead supported 
on peripheral beams, and beyond this capacity floor alaba 
should be designed according to the arTangementa of the 
supporting beams. If the beams form a square paneh 
each beam takes one-fourth the total load and has a tfian- 
gular loading. The B.M. at the centre of each such beam 
win The slab should be designed two-way 

reinforced. Noe. 5 to 10 can be made where floors are 
supported on firm ground. 

(e) Bars (o) and (6) are alternate and the distance 
between each bar will be half of the spadng given. 

Elevated Tanka 

The illustration shows general arrangements for an 
elevated tank and is a typical deGogn for gallons capa¬ 

city. {See also Elevated Tanks under “Water Supply"). 
There are numerous designs which are followed based more 
or less on the pTinciptes shown in the illustration. An 
Bccws shaft about 5 ft. diameter can be made through the 
centre of the tank with walls taken up to the roof. Stairs 
caa be buiJt from ground level to the top for entry into the 
tank through the Partition walls are built in big size 
Roof may be made flat iustead of dretdar. A 
cantilever gaUery about 3 ft, wido {prelection of the floor 
slab) can be provided all round the tank, ^ttoma are 
now generally made flat instesd of hemL-apbericaL The 
^tcr piDare esan be kept a little indde » as to give a canti- 
levar projection to the whole tank: It adds to tbe appearance 
of the atnicture. 




8/60 dtheJlIi pbactlcal civil kbiginekiis^ handbook 

Fotindfttiona Are deBigned according to the beamg 
capacity of the soil. If the soil la weakt raft fomudatkiaa 
of R*C-C- can be mad® over the whole area- There should 
be no possibility left for any aettlement^ 

Dali; 

Inside diaineter .. .. 32 ft. 

Depthof water,« .. .* 10 ft. 

Frwboard .* . ^ I 

(Freeboard may not be provided in all cases- If 
allowed, additional weight of this water should be taken,) 
Height above ground level „» .. 40 ft. 

IFofl *. »» - - ., 6 ina. 

Floor dab \ (for 10 ft. depth of water} 7 ins. 



Oatitral slab baa the maximum xtreases. Design for full 
water load as two-way rrinforoed slab Tixed on all ^ea. 
(The thickness should be increased by 1 ' if 1 : 2:4 conenta 
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la uaed), Eemforw with I' dia. 4' o/c botb-wajB. 
For aide slabs remforwment may be rednced. 

Where floor elab is project^ as cwitil*Ter, remfoiee- 
ment st top for the oontilerer portion will be nweaaaiy. 
Roof (dome) thiotnees -. * * * * ® 

Provide Y radially and drcomferfln- 

tisHy, HindiTig wire can be No. 16 grange. 

A flat roof slab may be designed as a^ply supported 
OD the walls and relnforood both for beodiog and for^te fl- 
siosi due to the water preaaure forcing the waHe outwarda 
away from the roof^ 

Roof Ring ** ** 1 ^* 

Provide 4 Noe. j* dia. bare and T stirrups at 

9' c/c, 

B*am « : CentraJ beams 12 ft, spaa » , ^ 

(rib porlioiir 

Design central beams as oontinuons with WXJ12; for 
this fli*ft of beam reinforcement oonsistlBg of 4 bare If dia. 
at top and bottom is nooeesary. If the depth of the beams 
is increased leaaer reinforcement is required. AD beams 
are generally of the flame sise- Por outside beams 

of 12 ft, span reinforoement of 4 bare 1* dia. at top and 
bottom is required^ while for outside diagonal beams, 4 
bars J" dia, at bottom and 2 bars at top are nooeesary* 

C'offlmins . - . - - - * * ' ■ 1®* ^ 

Retnforoe with g bare dia. and Y helical bmdere 
at 3' o/c* sa these cohimaii are subjeotod to bending in 
addition to vertical load. 

Briiciiqitj *. ,* .* lO'XlS* 

Roinibrce with 4 bare of dia. at top and 4 bare at 
bottom and i' dia. sturups at 9* c/c, 

Ptovide deep haunches at junctiotia of braces with 
columns, with additioDal (diagonal) reinforcement. 

Reinforoementa of columns, braces, floor alab 
ring beam etc., should be |ffoperly ancdiond into the }Oin^ 
big members. 

*Seam« an Tn^d* mooohthie with, tlw floor ilab azid ccrindeml 

toootuT-boaiso. Top foififonomeot will b* pUchI ia It* Ooce 
»i*h portion* 
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X^adder-Irtm 

Cftn be mede of the fbOowing’ nu — 

SMm— ..Plates 2l‘xV 

Runga— ». ., wide—f' 

Another arrangement fcTOTerhead tanka in hot {diiDatea 
can be with “oore wall”, that i»j 4 ^' thick brick wal] in 
cement ia made oatdde and inside the concrete waUn In 
this case the csmerete wall ia of the eame dexiga as for an 
R^ C. tank bnt a leaner inir can be used, and is generaUj 
monolithic with the bottom. Thb inside brick wall ctm. rest 
on the wall and floor ^mt splay and outside waD. on the 
floor projection. 

5 . BIISCELLANEOUS STRUCTURES 
Dedgn of Stilreasea 

Staircasee in general h&w been described in the See^on 
on '^"Masoory Structurea'* Stairs, lAjidiTi. gH and canti¬ 
lever access balconies may be designed for the imposed 
or live loads allowed on the floors, served by them or for a 
load of 60 Ibe./sq^ ft. for resklential and office huildisga 
and 100 ibe./8q. ft. for pablic places and warehonaea, mea¬ 
sured horaontally, whichever is more. The corresponding 
alternative minimtim imposed loads as prescribed in SeC« 
tion 6 need not be oon^ered (as recommended tn the 
Codes). Some engineem, however, refanmuend to take 
^ ton as the miniinmn load for design to safeguard against 
local overloading due to concentrated loads which might 
occur in practice. To the imposed Icsad^ the dead load of 
the structure is added, acting at right angles to the flight. 

Stairis may be supported (and designed as such) either 
(i) transversally fparallel to notdng) on the two side walla 
or on stTinger beams ; or (lij longitudinally (parallel to 
night]. The slab portion under the fsaw.tooth) pro- 
jectiooH of steps is caued ^'waste** and its depth is measured 
normal to dm slope of the slab. This ''waste” is coom- 
dered to take the whole load and is designed as an ordinary 
slab partially fixed with WL /10 where ends are built into 
wallS} and with WL/12 where ends are monolithic with the 
transverse beams. L ia the horisontai distsjice fcom centre 
to centre of the aupporting boame; where landings are 
oontmuatkjns of the "waste” slab and no transverse sup. 
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portbyr beamfl a« provided, L ia from centre 
Ste landinga, or centre of the landing to the eM of the 
rtaircftM where only one landing ia provid^. on- 

gineerfl take L from end to end of the landings. The cnA 
of each step going into the wall ehonld be rectanguJax. 

It ia common jffactie* to provide traoave^ bea^ « 
top and bottom-at jonctions of landing and sloping ^nt. 
Where transveree beams are omitted, flight ia a t^tmua- 
tioD of the landing or landings Landings uemaUy have 
the same ^ as the "waste” slab. Where a iandmg 
Bcrree two flight* of ataire at r^t an^es to each other, 
it ehonld be reinforoed in two directions. 

In meet of the cases, slabs supported transven^J 
over longitudinaj sttinger beams are more economical 
than the longitudinal alaba. 

Steps are sometimes cantilevered with one end f™™ 
into the wall where the wall is of ample thickness. Where 
the steps r^waiat" slab) are supported transversely, the 
thickness of the “waist” may be 2 ina. up to 31 ft. wide 
stairs, 2J ins. up to 4^ ft* and 3 ins. up to 6 ft. r™e sture 
with ordinary loads. Reinforcement may be ma. b*™ 
ft ins. apart laid acre® and dtstribntion bars J' dia. lani 
ft ins. apart paraDel to the supporting beama. 

The following siies of reinforced concrete wastea 
may be taken for the stairs supported lon^tudinally in 
reaidentiai, office and Ugbt. warehouBO buildings :—_ 


SpanL j Thirknew 

in ft. !i Qf^'wuta** 


6' 

r 

8' 

9 ' 

10 ' 

11 ' 

12^ 

13 ' 

H' 

15 ' 


4' 

4 ' 





ban in ia^b— 


Hsih 'lonpitudi dlJ 


DivtnhutloP'truisvviiM 


4*® 6' <6 
I' @ 5 ' c/n 

fl/e 

1 f' @ o' 0^0 


ffl is*o;o 
® ](r D^C 
® 9' ejo 
V c/ff 

4 ®' 


i fl/c 

1 ® 5 ^ o/fl 
^ Bi ' c/o 
*®JS' o/c 


I* @ 12' sfo 

i ' @ it* 0/5 
irc/o 

t '@ 9 ' q/O 
' @ 7' e/q 


3 fl' 

n' 

IB' 

19 ' 

SO' 


Si' 

9 ' 


IGT 

lOl 

ll' 


' ® 4' fl/o 
® SI' c.e 
' ® 3 ' o/q 
^§r flj'o 


I' @ S' q/* 
j' g a' a/o 
rij^' q/o 
r & 5 ' o/o 
I* 1 5 * c/o 















8/64 TKDIAH PRACTICAL 


OTPIL HCGIHXUts' HaKP^IC 


P*?'^***^ *^P® TOMisting of a tread only 
faj^y A sJab vnthmt riser} are used which are stipported 
m b^me abomt 12 ms, high. Each step ftob is 

p ^ remforoed with 3 longitadaiBl V dii 

* *' 

giaittr the kwd of the atepe, aa explaliifid 

abore for the "waist" slab—tjiking horieJS^bal spai^^ 

^ b«it up at the ends of the 
Slab for the negative bending momeote. 

Bahistradea 
of stairs may 
be deoigned as 
cantUevera with 
ft horizontal 
load of about 
26 Iba. per 
Bncar foot for 
residential 
buildings aiul 
ISO [ba. for atairs 
to be used by 
crowds. These 
loads wiD be taken as acting at the top of the balostradea. 

It has b«n sUted earlier that the "piteh'^ or slopo 
of a stauTAse should not be more than 42 decrees ' a Trt rfiT 
pitch is j^Ai. Treads commonly adopffi^ 

the jwnjiany tread width is 10* ins.* with a risw 

height of 7 . The following pcoportfons may be taken ^ 



term 

Wld 4 r •■ch 
J-tag 


■hBTi 5 
•lUrikiU faK* 
I bant bp 

I . 




— ---- 

Tread, bis. 

» ' 

. 

10 

■> 

1 IS 

i ]3 

14 

10 

Riser, itim- 

7 to 

If 

■84 to 
T 

A to 

B4 

c4 to 
e 

fi to 

a* 

Hta 

S 

4 bf 

H 


Cement Ckt^uerete Bloeke 
Concrete bhxke may be made of dense or 
concrete tod may be either aoBd or hollow* 
or more in thickness an often oaat hoflow^ 


Light weight 
Blocks 4 ins. 
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Hoflow coneiete btocka ahaJ] oomp]^ with the foGowixig 
regulatioiu :— 

(a) The eides of e4ch block h IiaTT be not less t^jun 2 ^ £ns. 
in tbickoe^ in any part. la hollow blocks the aizc of the 
the cavity is governed by the general limitations that the 
volume of concrete in any bbek ebaH not be less than half 
the gnoae volome of the bbek, and that the total width of 
the cavatios ehaJl bo not leas than two^thirda of the overall 
thickoeas of the block at any point. 

(h) Concrete blocks may be of any aize bnt some 
standard sizes shonld be used ao that they can be bondled 
with brickfl if neoesssiy, IS In. x 9 in. X fi im, or 18 in. xO in, 
X6 in. sizes have been found satisfactory^ A length/height 
ratio of 3:1 is probably the most desirable from the aspect 
of w^l atnei^h. Blocks are generally referred to by their 
nominal dimensions which Include the block and an 
allowance for joints. 

(c) Steel wTTfB may be embedded in each block. 

id] During the process of mannfacture each block 
be subjected to a preasure of not lees than 1000 Lbs./sq. In. 

(<) No hollow block shall be need in any poaition where 
the max: pressrnre on It will exceed 6 tons/sq. ft. 

{fl blocks shall be able to withstand a teat load 
of 25 tons/sq* ft. 

ig) Where walls are exposed to the weather, 60 ft. 
ahonld be the max : df^drable length wttbout an expan- 
Mon joint. Where walls are not exposed to the weather, 
they may be made 100 ft. long. 

The conree immediately below each floor shall be 
buut of solid blocks. 

ff) Bldcks 2J ins. thick shonld wdght 6.25 Ibs./sq. in. 
for ea^ inch of overall thickness of block ae laid. 

fj) Blocks ahonld be thoroughly cured and dried ont 
before placmg. 

{k} Introdaoe wall reinforcement in hoiizontal jointe 
at pointfl of local weakness. It a desarable to remfore* 
one course above and one oourae bebw window and door 
opeuniga, to a point at least 2 ft. beyond the jambs of tuch 
openmga. 

i ' *^^1. ^ ^ rendered, a vertical 

jomt Ehonld be left open in each course of masonry, aay 
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Bvery 8 of ID ft,, aod fitAggeraii betweea ooursee.. 

HoUobt blocks are TDanufACtured in apecLaJ machined. 
Dense concrete is made in the ordinary way, with normal 
aggregates. Cement and cosise sand, with small siae 
aggregate, are osed with very bw water/cement ratio. 
Due to high compression and FCty dry oonsistency of the 
nux, the blocks csji be remored from the machine bf 
curing immediately they are cast. Rapid bardsning 
cement should generally be used. 

HoUo^' blocks have better thermal properties than 
eoM blocks of the same material and totm thickneas. 
Light weight concrete provide still better insiilatbn against 
heat. 

For joining concrete blocks rich or stroiig mortare 
are nsually iniSviflable as they make a woD too rigid* 
localizing the effects of minor movemeats and cracking 
of the blocks. Hydrated lime should be mised with cement- 
sand mortar. 1 cement: 1 hydrated lime (or lime putty)^ * 

4 to 6 sand, by volume* is usually recommended. 1 : 2:9 
or 1 : 3:12 proportions are also used. Walls and isolated 
piers subject to severe conditions requiring extra strength 
should be laid with a mortar composed of t oemont* 
2 to 3 sand, and ^ part hydrated lime. 

Blocks may be made of 1 cement, 1 hydrated Ume, 

5 aggregate for load bearing walls, and 1 cement, 2 hydrated 
lime, S aggregate for non-load bearing walls. 1 eminently 
hydiaube lime, 2 aggregate is also suitable. 

Underground Storage Cellari 

Sizes given for water tanks can be adopted for places 
fubSect to Hoods or water l^gipg. For dry locations, 
wall reinforcements can be slightly reduced. For partition 
walls single reinforcemeiit in the centre of the wall should 
bo provided and of about half the quantity used for outer 
walb. Walls, floor and roof are generally made mono¬ 
lithic and of about the same thickn^, and comers splayed 
*fid adequately reinforced. 

Fence Fuats 

Ordinary line posta may be fixed 9 ft. apart unlesa 
^tc«l droppers are fixed to the feocing wires, usually at 
g (t. intcrnls, to keep the wires the correct distance apart. 
If the fenemg wires ore piilled aufficiiontlj tight the use of 
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topp™ enablM the line posta to be epaoed ae oneh aa 
2t ft. apart withoot tbe wiraa eagging aodolv. Canier 
(UMt end pwta are similar to str aining posts. 

For the length of a poet to be undergniniid for f iiint 
e good rule m normal aoilfl for lino posts is “oiw-third of 
length bebw ground"; and for straining, and oomer 
posts, not leas than three-seventh bebw mnnd Thus 
to stand 4 ft. higl aboTe ground 
level the h^ j^ta ehould bo 0 ft. long, and streiaing poats 

^ Where tho ground is soft it ia a wise 

precSiUtioi] to set tnaiu posts in oonoFcte bases 

Foats are reinforoed with foqr rods, two rods or a 
«ingle Kid, In the fonr-rod reinforoed pcwt, a rod is' nlaoed 

further ^lart the rods m the 

the ^ important, however, that 

the iWorcemeot U protected by adequate thickness of 

moisture may peoetmte 
^d mat the r^oroement. In factory pita the 

i^forcemeut IS usually covered with a thichuessof i \a 
In for‘^ome^made" it shonld be at least I in! 

a sniffle d simphficatbn is to bend 

a ^le rod in the form of a hair pin, with the W firmly 
together m two or three p£^ with Ko!l0 gaaj£ 

With tha type of reinforced 

w^^**** covering of at least 1 in. 

f required to have boles thronch 

them for wires, anurle rod ntinfrkiviAd = 1 ._u i__ 


Typ* 

xmamr venoe rOStfl 

Line pocta 

Total Im^b 

bottom Jiffi 

To]} 

i 

a 

4 

a" 

S'x*' 

4'5<4' 

4'SSS^ 

3*X4' 

*rx2|* 

4'x5^ 

Sf'x24' 


Streinfnff Posts 

1 

3 

4 

7'U_o* 

7'—4^ 

4'X4^ 

fi'Xfi'' 

S'Xil' 

4'X4- 

4'Xi" 

^('xS' 

4*x4' 
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St*ys ue federally of tha euae ain aa sminiDg poeta. 
Stays ahoi^ have base blocks of size aboot 1 '—6“ 
X9'x5' for anchorage. 

For ^'hoiofrni&de'^ posts iocmMe the Kis by I m* oa 
eaoh size. 


RemforceiaeDto for Factory Posts 


— 

SiKof poet 

S'xS' 
qf IhI 


rx5' 

rxT* 

S'XS' 

RBmforaemeai 
rqda of dia. 

W' 


4—5/itr 

1 



Single Rod Keiaforceiaent 


6iw» of poflt 1 

41'X4*' 

S'xfi' 


Heinforoeowii 

rgdofdia. 

1-4" 

'-A' 



NoU :—For a post that tapers to a smaller seotloa at 
the top the ootrreot reinforosmeDt for the whole post is 
that suitable for the seetiooal dimenaons of the bottom- 


Polo 

Overhead Eleotiie TmumbslaD LLds Palest Tele¬ 
graph and Teiepbooe Poles & lAmp Staadardi ; 

The foroee acting on poles are : 

(i) The sdf-weight of the polo and we^ht of the wires 
sapported by it, 

(ii) The wind preasure acting on the poK cidss arms 
and wiree. 

(ut) The unbalanced horixontal pull along the irane- 
Daisaon line which may be caused by the suappiDg of the 
wires in one span caosiug a bending moment as t«U as a 
twisting moment tending to twist the pole about its vertical 
axis, 

Poles are usiaally made with top section of 4^ in. X 
in. to 5 in, X 5 in,, with a taper of 0+2 in. per foot length* 
A tapering central doct of diameter mot than in* 
at the top b left for taking the supply £rom the base to the 
fitting at the top and for also redocmg the weight cf the 
pole. Perfontioia are also cometimos Ea»le to i^uce tbo 
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weight end cost. The concrete used may he of 1:3:4 mil 
where the poles are mechanically vibrated or spun, and of 
1:11:3 nail fof hand Umped poles. At least four loo;^' 
iudinal bars are provided with sufficient luiniber of stir- 
rupe. All reinforcement shall have an eitcmal cover of 
1 inch^ Suitable apertures are provided in the poles below 
ground level for the entry of electric cables and pLpw 
etc* where required* The ratio of the bending moment 
to the direct load being very high, the section is designed 
purely for the bending moment. For a nmformly taper¬ 
ing pole the critical aection is not necessartly at ground 
level, but is at a point where the pole dimensioii is t| 
times the top dimension and this Bection should be checked 
for the etreesee in the concrete and steel. The shear stress 
in poles is very low in the Bection above the ground level 
and only nominal reinforcement is generally necessary. 
Shear, however. La very heavy m that portion which is 
buried in the ground. 

The quantum of the thrust as prescribed by the B,S.S. 
for different claaaee of polee for transimssibn up to and in^ 
eluding 11 kV Ib given in the following table : 


CIabs o ( 

Mu; Qwr- 

Uin : ultimBte traDSt'SHC load bi 2 rc. 

pole 

bU 

from top for cBuam^ pdlc fijluro 

1 

34 

esB 

Ultimate load » woridag load 

£ 

36 

673 

with A fiwtor of safety of 3* 

3 

46 

isao 

4 

4« 

1730 


B 

a 

&0 

AO 




Toundaiiont 


Small poles or poles which do not have heavy beuding 
moments ckn bo bnri^ difeotly into the ground but for heavy 
wlee foundations of mass ooncrete have to be provided. 
Depth for directly buried poles varies from 1/6 to 1/10 
of total pole height depending upon the nature of the sad 
and is usually about 6 to 6 ft* 

CantUsvers Balconies & Canopies 
Thickness of a cantilever slab at the support^ aa stated 
earlier at page fl/20, is—flpanf7,5* Tensile reinforcemeDt is 
provided at the top. End of the cantilever slab in the wall 
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tAn be anchored down by mean* of iron rods embedded 
in the enpporUng wall or pillars^ where there is not auffi' 
cient weight of wall over the end- Sufficient anchorage to 
ocnnter-balanoe the weight of the projection 10 essen¬ 
tial. In cantilever slabs bw of larger diameter ehoald be 
uaed than osual^^ and w^hich may not be less than ^ in. dia. 
if adequate, as less stiff bars are apt to be beot while con* 
cretlDg. 

tLC. Sctnthides 

No. 10 wire is provided at 12-in. 
centres, at right angles to the main 
bars. (Dotted line in the iUnstra- 
tion indicate main bars.) 

Minimum head-room from top 
of pavement ia 7 ft .-6 ins. 



Rainforced Concrete Willa 

Where reinforced concrete walls are intended to carry 
vertical loads, they shook! be designed generally aceording 
to the rales given for the design of columns' Strength 
calculations should bo made if the wall panel ei{?eeds IS ft. 
between floors or 20 ft. between columns. Panel and 
enclosure walls of buildings should have a thieknosB of not 
l™ than 4 indiea and which should not be less than l/30lh 
tM distance between the supporting or eudoaiDg members. 
Bearing walls shoold have a thickness of at least ! /25th of 
oDsupported height or width, whichever is the ahorter. 
Exterior basement walls, foundation walla, and fno walls 
should not he less than S inches thick whether reinforoed 
or not. 

BelnlsreiinenL The croes-BectionaJ area of the ver^* 
tkal remfoTceidfait should not be l«a than 0.4 per cent 
and lateral reinforcement paraUel to the wall face not 
lew than 0.2 per cent, for load bearing walls. ITiis re- 
uuorcement may be halved for non-bearing walls, ^e 
diameter of * vertical raitkforcement rod should be not kai 
ihsn t in», and the dktanoc between two vertical reinforoo> 
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mentH And thfr dl^tAnce between two lateral reinforcements 
should net exceed 13 Inches—(18 Ltlb^ maji.)- In addi^ 
tion to the reinforcement prescribed above^ there Ahuuld 
be not leoa than two ^ ui, dia, barB around all wlndaw or 
door openingH, Such bars should extend at least 24 ins, 
beyond the corrcTA of tbe openingB. Walla more than 
to ina. in thickneaa shoald have the reinforcement for each 
direction placed in two layers parallel with tbe faces of 
the wall. 

Walls should be anchored to the floors^ cnlumtuij or 
intersecting walls with reinforcement of at least | in, bar 
12-Ln. centres for each la,yer of wall remforoement. When¬ 
ever possible the reinforcement ahoidd be made up into 
mats in advance. The complete mat is then placed in 
pewition and kept at the corr^ distance by spacera which 
are fixed between the both aide forma. 

Formwork. When the wall is cast in 3 ft. or 3 ft. Ufta 
and compacted bj' band, the most aatiafactory type to 
uae are board spaceiBn which can be raised aa ooncreting 
P^’oceeds. The formwork should be fixed uith wire ties, 
or bolts to resist the outward pressure of the oonenate ; 
these pass through the waJI and, acting together with the 
spacers, hold the formwork in the oomet portion. Bolts 
*re extracted while the concrete is still green, the holes 
being made good after the formwork is removed. 

The concrete in. each lift should bo placed In ft-in, 
layers and each layer thoroughly punnod the next 

w aboveUed in. Each lift of 2 or 3 ft. sbonld bo given four 
fT five honra to settfe before the next lift b placed^ If 
immersion vibrator is used for compacting,, the vibratof 
hwd should be placed at the bottom of the wall beforo 
the concrete is placed, and gradually drawn up as coo- 
<^ting proceeds. Joints are best made at such poinU 
as sill or window head level. 

Ratings. For common one-and two-sU»pey housefi 
erected on aoils of average load-cairying capacity^ th# 
^umte footing is generally made twice as wdde aa the 
ynickn^ of the wall it anpports. The depth of the footing 
J8 usnany nne-half its width or equal to the thickness of 

wui. 
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6. PHYSICAL PROPERTIES OF CONCRETE 

priocLpaJ properties of concrete include; 

Workability; Strength; Durability; InLpermeabUlty Aad 
Volume changes. 

WorkAbtUty is that property of a concrete which deter- 
nunea the c^ i*itb which it cun be placed in position and 
compacted, f e., worked. A workable concrete is one which 
can be eotupacted with a mmimum of labour^ and an tin- 
workabb or harsh concrete is one which requires an in¬ 
ordinate amount of work to compact fully. The degree 
of workability required ia determined by the nataro of 
the work and the method of compaction that is to be used. 
In order to obtain concrete of maximum strength and 
durability, g^ compaction is essential and this can only 
be achieved if the concrete has adequate degree of work* 
ability in relation to the method of compaction to be used. 
Concrete that Is to be plaoed in narrow forms congested 
with reinforcement will require a much higher degree of 
workability th^ that for unremforeod niaea cxmcrel^^ 
Concrete that ia to b« compacted by mechanical vibra¬ 
tion may be much drier, and henco less workable, than that 
which is to be tamped by hand. The principal factors 
which effect the workabilitj of concrete are 

(i) contend, ^le workabilitv increases as 

the water content of the mix is mertased.' But, as will be 
explained later, the atrength of it concrete depends upon 
its water coobant, the quantity of water has to bo restricted 
within oertain minimum limits oa increase in water content 
would cause a decrease in strength. Increase. In workabi¬ 
lity without impairing atreogth can be achieved by in- 
creaamg cement content. 

(tj) of o^gre^ats^ Other things being equalp 

the workahlUty of concrete is greater with aggregates of 
larger maximum SM. For dry mixes workability Is 
grea^r with rather coarse aggregate gradings 
but for wet mixes better results are often obtained with 
finer gradings. 

(iii) Sfuipe of aggrtgiOer jxirticUs. A smooth and 
rounded aggregate will produce a more workable concrete 
than sharp angular aggregate (cruahed rock or emehed 
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gravel)* A flaky aggregate prodoices the hanihest or 
moat unworkable eonenete. (Aggregates prwiiicing more 
workable concrete need leas water and henoe give higher 
strengths.} 

(*E?) Vtuttni oo»(e»ttr The liigher the cement content 
the greater the workability and the less the effect of grading. 
An 3nch» much greater latitude in grading can be permitt^ 
with a rich mbc (high cement content) than with a le&a 
mix (low cement content). 

unworkable concrete rcsulfe In incomplete com¬ 
paction giving rise to air voids. Fresenoe of 5 per cent air 
voids will cause a 30 per cent strength loas tJoA 10 per cent 
^ volda may cause as much as 50 per cent strength loss. 
As will be seen later, the best mix is one which gives the 
maximum workability with the minimum amDni],t of water. 

Tests for WorkahllHy af Caocrote, There w not, at 
present, any rellahlc fidd test but two tests are, however, 
^erally cm ployed for measuring the workability or oon- 
Rjatency of a concrete mix : The ^‘slump test" which is 
a field test, and the "'compacting factor test" which is a 
Uboratoiy test. 

Segregation is the separating of the coarse Aggregate 
from the neat of the mis or the separating of the cement- 
water paste from the aggregate. Segregation getnwaUy 
indicate poor aggregate grading or mix design. Segrega¬ 
tion may occur in mixes which are too wet or too dry, and 
moat frequently in under-aaoded mixes. Segrej^tion 
of cemeut-water paste occurs in mixes with high water 
content, and segregation of coarse aggregate ocenra with 
lean dry mixes. Cement paste is displac^ by the ooarae 
*Sr^Rte and riaea to the top of the concrete to form a 
layer of mortiir (laitance). f^gregation can generany 
be reduced by altering the water or sand content or by nmwg 
a finer sand. Even with a inii of aatisfactoiy design, 
segregation may be caused by mishandling during trans¬ 
port, faulty placing or over-conipact ion. Segregatioa 

leads to lack of uniformity causing honey*coinbuig whieh 
reduce* the strength and durability of the stractura, 
Water/Cement Batto 

la the ratio of the weight of water in a mix (exclurivt 
of that al>sorbed by the aggregate) to the weight of cement 
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therein, and is the most important factor for the strength 
of a concrete. Ultimate crushing strength of a fully com* 
parted concrete depends primai^y on the water/cement 
ratio. Generally speaking, lower the water content the 
stronger the concrete, but the quantity of water must be 
sufficient to produce a workable mix required for the parti¬ 
cular method of compaction to be adopted. Concrete 
made with low water/cement ratio is unworkable. If 
•tiff or dry concrete is used honey-combing will result 
decreasing density and strength. 

Excess of water weakens a oon^te, produces shrink¬ 
age cracks (shrinkage increases with increase in' water 
OMitent) and decreases density. Water occupies space in 
concrete and as it evaporates, it leaves voids. The volume 
of “water voids” may be as much as 10 per cent of the total 
volume of concrete. An exoees of 10 per cent of water may 
reduce the strength by about 15 per cent and an excess 
of 50 per cent of water may reduce the strength by half. 
Concrete should be just plastic enough to be worked around 
the reinforcement rods. 

The correct quantity of water required for a parti¬ 
cular mix depends upon various factors such as ; mix pro¬ 
portions, type and gnding of aggr^te, method of compac¬ 
tion appli^, and weather conditions. Therefore, there 
is an optimum value of the water/cement ratio for every 
mix. ^metimes strength has to be sacrificed by Adding 
more water to obtain a higher degree of workability where 
concrete has to bo placed in narrow and thin sections, as 
the optimum quantity of water does not produce concrete 
of sufficiently fluid consistency to pass through narrow 
spaces between the reinforcing rods. Accurate control of 
the water/cement ratio requires the use of a laboratory. 

Bleeding is the term given to the formation of a laj^ar 
of upper surface of concrete after compaction. 

This is called laitance which is a watery “scum” and is due to 
excess of water in the mix or deficiency of fine material. 
This layer lacks strength and resistance to abrasion and 
increases shrinkage. Bleeding gives rise to weak joints 
between successive lifts in structural work. Laitance 
■ also formed with too much floating or trowelling. If 
lait a nc e is not removed the upper portion of the concrete 
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wiU be porou*. An increue in water content mnj* 
aecomsanied by * proportionate increase of 
^nXTto be mitatained. Bleeding can f 
by using 1«» ’-»?*[• 

finely ground inert material (stone dust). 

?.:t.‘*sr.“Se^ir‘ >ror::r 

Sar.^S‘t'wLS:S*«ry%n for --f 
wWch further add to the moisture ^it^the 

content varies considerably from an in the 

changing weather conditions, and this . water 

of^d The aggregate when dry wUl absorb water 

oa^JS^nS” onId'eS at the 

""'s'iSTSnf‘™te n.«l more water than big s« 
and angnlar aggregate need more than 

In other words, a concrete containing a ? ^kabUity 

gregate wiD reouire more water for a gi »• 

than one oonUining an aggi^te ^h ^iT^t 

(Consequently, the more fiwly ^rad®*^ /and «mi- 

containing a larger proportion of fine 
larly a roncretS with angular 

weaker concrete. For a normally well g of 

and for a slump of 3-ins., the approinma ^ maxi- 
water required for 100 c. a. of concrete for ipnous man 
mum sizes of coarse aggregate is given betow . 


Max. sixe of aggregate in inohea 


r r 


Quantity of water in gaUa. per 100 o. ft. 145 
of concrete 


124 


iri 

i IIS ] 


102 


The quantity of water indicated above will have to 

be increaiid or decreased by about 3 per cent for each 
increase or decrease of 1 inch in slump. .. 

Concrete that U to be compacted by 
tion may be much drier, and hence less workable, 
which is to be tamped by hand. Such a 
about 20 per cent less water and about 15 per cent less 








fl/76 IJfDLtN PEACnCAL CIVIL BBSS' HA^tDBOOK 


cement. A mefhwrcaUy compikcted eoucretc gives moie 
strength snd derisit}' for the same matcriiiJs. 

K&pid hardcaing cement needs about one gaDon foore 
water per cwt> than the ordinary oementi 

Quantity of water required can be worked out roughly 
taking 30 per cent by weight of cement plus 6 per cent by 
weight of aggregate, for hand compaction. Plain cDncretei 
may need about half gallon more and mass CDncrete about 
one gallon more of water per cwt> of cement for very diy 
conditions. Stnicturea in contact with water Hhould bo 
made of drier mises. The following quantities of water 
may be taken for dry luaterialH with uncrushed gravel 
aggregates :— 


Nominal aujc. 

I;1:S 


1:*:4 

"l3:4 

{>r vatprper cwt. of coment 



6* 

A 

Wvter^cemetit ratio (by wiahtl 

0.43 

0,41 

0.4S 

0.71 


Water^cement ratio is uauallj^ expreased as a dedmal 
fraction, ijc., weight of water/weight of cement, hut for 
practicaJ purposes it is usnally expressed as so many gallona 
of water to a bag {or cwt.) of cement. To convert w-ater/ 
cement ratio (by weight) to gallons per cwt., multiply by 
11 


Water/ocment Ratio 


Oalla per cwt. 

4 


£ 

H 

3 

.<4) 7 


a 

By weight ... 

(f.ae 

0.40 

0,44 

0.4S 

0.54 

0.4«| 0,33 

0.67 

0.72 


hand compaction. 


M ix worlcablv for liuid. cojn.- 
^ctioti^ 


In general, mechanical compaction is necessarv for 
water/cement ratio of less than 0.50 in a nominal 1’2-4 

EUX^ 


Hydration eJ Cement. When w ater is added to cement, 
the wment calcium hydroxide or hydratod limo 

IB liberate. Dnriiig the chemical reactions which take 
place whUe cement is setting and hardemug an metease in 
temperatu^ t^ura and a considerable quantity of boat 
18 evol^d. Shnnkage occurs on subacquent coolmir re- 
jultiDg m cracka. Hydration of cement is mcomplcte 
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without an adequate quantity of water. Less water im¬ 
pedes complete aettiiq^ of eement and decreases strength. 
The aiQOUDt of water required to hydrate cement is a^ut 
25 per cent of the weight of the cement. The amount 
of mixing water ia rarely less th^ twice this quantity. 

Test for Workability or Conslsteocy of Fivshly miei 
Cnnerete 

The Slump Test 

Although the alump test is not entirely aatkfactory 
since it gives widely varying results and also docs not give 
a true measure of workability bat it is of value in the field 
as a oontml teat and is oseful In comparing the consUtenoe 
of sncccssive batches of concrete made with the same in¬ 
gredients, and is one of the simplest tesfe to carry out. 
Provided no change is made in the aggregate or its grading, 
slump tests will indicate whether correct water and cement 
contents are being maintained. The amount of slump 
depends not only on the amount of w'&ter in the mix but 
also on the nature of the aggregate; roonded atoncfl give 
a greater slump than angular stones for the same mixture. 
The slump test should not bo used to oooiparft mixes of 
^ferent proportions or of different types of aggnegatee. 

test is Useless for lean dry mixes as the slump recorded, 
is very smaU. All aggregates of size ^-ins, and above 
should be removed from the sample concrete before the 
test. 

The apparatus for determining the slump (slump oone) 
w a steel mould in the form of a truncated eonc. Its top 
diameter is \ ins., the bottom diameter 8 ins., and the 
height 12 infl., open at both ends and fitted with handles 
pieces on aides. The cone is placed on a smooth 
surfare and the freshly mixed conerete is placed in the 
mould m four auceessive layers, each layer being rodded, 
^ tiiDK with a bullet-pointed rod J in. in diameter and 
*4 ins. long. When fill^ to top (after ramming) the mould 
^ withdrawn and the slump or subsidence 

of the concrete measured from a straight-edge held across 
the top of the mould, *''Slump** is the vertical settlement 
k after the mould has been withdrawn, Ije., 

the difference between the height of the mould and the 
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highest point of the subsided concrete. Slump is measur^ 
to the nearest J in. The mould should be placed by the 
side of the concrete heap after removal for measurement. 


Recommended Values for Slump 

in Inches 


Type of work 

With 

vibration* 

Without 

vibration* 

Men concrete, large sectiooa. road*. 
Foondstiona. footing*, eub-itructuree., wall* 
and other hMvy aections. 

Thin aections auch a* alaba, beams, column*, 
with congested reinforcement. 

0 to 1 

1 to 

1 llto S 

1 to 3 
Uto4l 

4 to7 


A concrete with 0 to 1 inch slump has very low degree 

of workability, and with 4 to 7 inches slump a high degree 
of workability which U not normally suitable for vibra- 


UUIIO* A. 1 1 

Strength. The strength of a hardened concrete largely 
depends upon ; (i) the water/cement ratio. (») the quality 
and characteristics of the cement, (»ii) the degree of co®* 
paction obtained in the concrete, (iv) curing, and (o) the 
age of the concrete. The water/cement ratio is the most 
important factor and the ultimate crushing stren^h of a 
fully compacted concrete depends principaUy on it. T^ 
strength increases as the water/oement ratio is decreased 
and as the concrete becomes older. 

Generally speaking, strength is largely independent 
of the type or grading of the aggregate and the mix p^ 
portions, these factors influence the water content required 
to pr^uce a given degree of workability and therefore 
affect the strength indirectly. A rounded aggregate 
requires a lower water'cement ratio than does an angul^ 
one to obtain the same workability, therefore, a rounded 
aggregate gives a higher strength. Similarly, a coarser 
aggregate grading wiU permit a lower water/oement ratio 
than a finer gramng for a given workability and will thus 
give a higher strength. Greater strengths are also possible 
with richer mixes or more thorough oommustion. 

In general, the type of aggregate has little effect on the 
crushing strength of a concrete but it has an appreciable 
effect on the flexural strength : the more angular aggregate 
give higher flexural strength. 
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Contretes of identical deflipn and mAteriak produced 
under identical eonditiona differ conuiderably in strength, 

SbrlDka^e. Concrete shrinlcs during setting and 
drying due to hydration of cement and produces shrinkage 
cracha. The drying shrinkage increases with an increaBo 
in cement content or an inoreaPe in water content. Richer 
mires shrink more than leaner mixes. The type of aggre¬ 
gate used does not generally affect the shrinkage serioualy 
though it haa an indirect effect due to the difference of 
water/cement ratio depending on the type of the aggregate: 
with large size of aggregate ahrinkage is low. Where 
shrinkage may gi^e rise to high tensile stresses such as ii 
road slabs, lean dry mixes are desirable, (See also iindei 
Joints”) Rich miiturea are uneconomical and are used 
only for impermeable constructions to ensure water-tight- 
nass. 

EipamJOD, The thermal expansion of ooncrete de¬ 
pends largely on the typo of the aggregate and the amount 
of the cement used. Concftitea made with siUcious ag¬ 
gregates expand more than those made with calcarieou!i 
aggregates such as limestone. Rich mixes expand more 
than lean onob as the co-efficieftt of expansion of the cement 
paste is greater than that of the aggregate. 

Durability- The durability of concrete, especially 
its resistance to attack hy frost or chemicals^ depends 
largely on the proportion of voids and the permeability 
of the concrete. The quantity of mixing water and good 
compaction are the meet influential factors, ExoeSii water 
forma voida and emble the destructive ageuciM to take 
effect, therefore^ the mixing water must be reduced to the 
minimum consistent with good compaction. 

Load Tests on Built Structures. If the strength of a 
etmeture is doubtful, a test load of 3J times the super- 
impoaed deeign load should be appUed not before -S days 
aftor concreting. For floor and roof slabs, the testa 
not be made until 56 days of effective hardening of the 
concrete. During the tests^ stnita strong enough to take 
the whole load should be placed under the members but 
^ving a small gap below the member. The teat loads on 
floors and roofs should be maintamed for hours. There 
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shonld be 75 per cent necovery of defledtioci on removal 
of the load, 

7, MATERIALS 

Qtulhy of Wmter tor Ccncrete. 

WAter for conciete shanld be clean and free from oOs^ 
acids,, alkalies, rentable pt ot her organiq imptirideo. In 
goneral, water that ia fit to djdnk lb suitable for concrete 
(but the rererse lb not always true). Acces of acLdlity or 
alkalinity can be tested by litmue paper ; rapid change of 
the litEOUa paper indioatra dangerous amount of acid or 
alkali pre«ient. waters may produce a weaker 

concrete than hard waters. Moorland or marsh wateru are 
also harmful. Waters containing decayed Tegetablc matter 
should be particularly avoided as they may interfere with 
the setting of the cement. Use of sea water shonld he 
discouraged in reinforced works and it should not also be 
encouraged in plain concrete works, but may be uned for 
majse concrete. Sea water will retard the setting and har-^ 
dening and probably cause effloreecenoe but will not affect 
the ultimate strftif^h of the ooncretc unless salt is present 
in excessive quahtities. Salt in water corrodes the reinfor- 
eemcjit. Bracld-sh water, although not alwa>'s potable^ is not 
osually harmful, 

A practical field test for the auitablLity of a particular 
water, beyond a iTPiual inspection for cleanlinesB, la to 
make two identical ptats of size % ins. dia. and | in. thick of 
neat cement paste, one with the water under test and the 
other with water of known suitability,. Place the pata on 
a clean non-ab^rbent surfaDe and leave for 48 houra, and 
setting and hardening vimes observed for both the pate. 
Should the pat made with the water under teet not be up 
to the standard of the other, then water should be doemeti 
nnsui table. 

Water in concrete has twofold purpose; firstly» 
to hydrate the cement and secondly, to lubricate the mix 
so as to aid compaction. 

CEMEHTS 

Uanufactore of Cement. Cement is made by inti^ 
mately mixing together chalk or limestonp and day with 
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water, to form into a aluiry, whieh is finbaequ^ntly bcftted, 
dried, calcined and ground to a vtry fine powder,' A small 
proportion of gypeum is added before gr^ag in order to 
control rate of setting. Portland cement may be made 
quick or alow setting. If there are no fitpecial reasons 
which make qtiick setting desirable, normal setting cement 
shoold be employed as quick-setting oementa require ex^ 
oeptional care and skill In handling. 

Types of Cements. Cements are claaidfied by their 
properties and chemical compoaitioii. Cements used for 
engineering works are :—^ 

Normal Setting Portland Cemetit, This ia the in 
common nee for general works; ordinary cement, 

Bapid-bardehliig Portland Cement ' Ali> known as 
"high early strength cement,” This cement has the sama 
compoeltion aa oi^ary oement but is ground more final!v 
and ifl used where high early atren^h is reqnird. It se^ 
and hardens in a much shorter time than the ordinary 
oameat, and develops higher strength in the early atagea. 
but the ultimate strength is about the same aa of the normai 
oement. The ad'^antages of this cement over the 
ordiimry cement are that formwork can be removed earKer 
and the structure can be Wed earlier* It has in 4 days 
same impressive strength as ordinary cement in 
dS days It is comparatively costly* The eetting time is 
about the same aa of the ordinary cement* This cement 
IS osefu] for repair work. 

*■ Cement This type of cement sets ini- 

tiaUy after about 6 minutes and sets finally hi about 30 
minu^. Its uses are generally rcetrictcd to works in 
r^njung water* The quick settiag action of this cement 
very hub time for mixing, placing and compactimE 
of the ooncreto, and its use therefore demands most oarefid 
ate organizatbn, WhOet quick setting, it hardens at 
approiuoatefy the same rate as oidmarj- cement, Gon- 
cretee made with thie cement ahouid be kept moi^^t with 
soon sa after they are set. 

„ Q^ck-aetting" cement should not be confused with 
r^id hardening” cement ; quick-setting cement does not 
fWen rapidly. (Difference has been expbtaed further.) 
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Blgli-Aliimlzia Cement. This »ment differa mdiqsUv 
both m oompoaition &nd properties from the notm&l Port 
laivo cement. It has high aluminn. oontent {over S6 per cent 
under 10 per cent in normal Portland cementj. 
The mitial setting of this cement does not take plkce till 
after 2 boma and final setting 2 houxa after the mitial 
wtting. It hardens much more rapidly than Portland 
™ent a nd developa strength very early ; up to 75 per cent 
of Its ulti^te strength being attained during the first 
*4 hours after mixing, A concrete made this cemeiit 
becomes aa strong in about a day as a full matured concrete 
made with ordinary cement. 

High alumina cement has a great resistance to heat k 
immune from attack by magnesium salts and sulphatea 
^d u unaffe^ by the corroaive action of acids 
therefore particularly useful for refractory^ works and works 
subject to attack by eea water, chemicals, etc., The cement 
gives out great heat during setting foe which special pro. 
cautions are necessary' during eimng, and cannot be ^ 
for massive stniotures. Mixes richer than 1;2:4 ehauJd 
Dpt be em[)loyed unleea apecisL precautieDS ere teken to 
dwu^te the heet geDerated. Thin temeot mav be un. 
eaiUble for use with certain s^ijjregatea which tnav ii berate 
■pptecuble amount* of eotnble alkaU or bme Owimi 
to lU high post (between two and three times of onW 
oement), this cement la used only where it is out-weiihed 
by the advantages gained or where there am no practi^ 
ritemativi^ \o water-pmofers am neoessary’^with^ 
cenieot, Permiaeible streaacs in concrete using hh* ahT 

mma wment should be decided on the bast, of the^aX 
of prelnmpiy tests. resuiM 

Aluminous cements must not be oiiied with other 
cement or m^ (lime) or bo placed against PeZS 
«iMnt eonemte ess than 7 days old, ne^r must 
lairf cement te placed a^t high altntaina concrete w^h 
IS Jess than 24 houta old, Tlua cemeot is oaefiil for eoier. 
gencj repair workSa 

low-beat Psrttnnd Ctmenl is a cement b which the 

dinatj oemcot. This i™ent is used for works where it 
. neccawy lo rettnet best generation (due to h^dXm 
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of <vmoDt) dining cancretLog, to aYOid crackings in large 
niBBeefl of Concrete Eueb aa dams, brklge'Abutmenta And 
retaining walls;. The rate of develop^ment of strvngtb 
ia Dome what lower thao for urdlnary cement, bat the 
ultimate atiengih la about the aame. 

Properties of Cenwab^ Properties of intereat to the 
cn^eer are * (i) Rate of setting ; (lij Rate of hardening ; 
Itii) Heat evolution and (tp) Re^tance to cbemieaj action. 

The terms “flctting" and “hardening” should not be 
confused. Setting is the phenomenon which changes a 
cement paste, mortar or a fluid concrete to a solid but in a 
weak state, while hardening is the proiuess by which the 
set mortar or concrete attains strength. The term 
“initial set” relates to the itart and “final set" to the com¬ 
pletion of the isetting. Hardening begins after the cement 
has Bet and proceeds rapidly during the first few days and 
oontinucs to increase at a diminishing rate indefinitely. 
There ia no necessary relationship between the time of 
settmg and that of hardextlng or attaining the msjcimum 
strength; a slow^-settiug cement may harden more rapidly 
than a quick-setting one and vke versa. The h&rdening 
of cement is actually a oontinuation of the chemical action 
which ^gins with Betting, The setting time is determined 
by a Vicat's Needle, Temperature has a very great effect 
on the flettiiig time of cement. Cements should have the 


Type of erment 

Initial oet 

PinsJ Kt 

Koii&aI 

Rapid hardeniiig 
QiUClc.flimmjF 

Low beat 

High alumina 

^Dt lem than 30 miu, 

diliD. 

Nat ]«■ than 0 muia 
Not imt thso 1 bobf 
Not less thsu 2 hra.nor 
idaie than Q hra 

.Not mora ihan 10 hn. 
ditto, 

Not more thuk 3Q mina- 
Not saort thKn 1 & hrs. 
Not mom 1 ban 2hrt, 
after tl» isJtiBl Ht 
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WhJli Portland Cemant is made of chslh or a pure 
^rboniferooB hmestone sad china clay. The wblteoe^v 
» due to the absence of impuntles (iron oiide} which im* 
f^rt colour to the ordinary cement. It is about 4 to 6 
time* mom costly than ordinary cement, but hai the same 
i»™rties. 
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Coloored Onuntf are mode by adding auitable mi- 
neraJ pigmeiit4i^> White and csoloui^ {^raent^a are iiaed 
for deodrative purpoece. 

Fata Or briquettee made from ordumry Fortlaod 
cement, when broken^ exbibit a bluiah grey colour in the 
fracture. ' 

Hydration ol Cement and Evolatlon ot Heat. Vfhm 
water ib added to oetnent, the cement hydrete® aad during 
the chemical reaetionH which take place while the cemept 
is setting on incrooee in temperature occhtb and a copsi- 
dereble quantity of heat is generated. Hydration of 
cement Is incomplete without an adequate quantity of 
water. Heat and humidity accelerate hydration. The 
amount of heat and the rate at which it is generated de¬ 
pends mainly on the type (cheniiical compeeidon) of the 
cement and affects die rate of hardening, The greater 
the heat generated the more rapid the rate of hardening. 
Shrinhaga occurs on subsequent ooohng of the mortar or 
concrete resulting in cracks. The more rapid the rate of 
hardening the more snsccptible ia a concrete to shrinkage 
cracks. 

Testing of Cement. Cement is tested for : (i) Fine- 
ncHSi {I'O Chemical oompoaitigni (m) Tenaile and Com- 
pr^TC strengths (cement and aand) ; (ip) Setting rimi 
and (pj Soundness. Accurate testing of cement and 
concrete requires considerable practice and skill ; teats 
are standardized and aredfieciihed in various Coiies. Cement 
to be need in important works should be tested in a labo¬ 
ratory, for less important works the following field tests 
may he done : — 

Test for Floenw. The fineness of cement is a mea^ 
sure of its cementing vsine A finer cement produces a 
singer mortar, and it can be mixed with a lor^ propor¬ 
tion of sand than a coarser one and yet attain the sSme 
strength. The resMae of orduuny Portland cement left 
on a BS test sieve Ho. JTO or IS test sieve No. 2 should 
not ezo^ 10 per cent and with a Rapid hardening cement 
the residue should not exceed 5 per cent. 

Tests for TeiuUs and Camprealve Strengthj. It l» 
usual to substitute a tensile test ineteiid of a crushing test 
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aa tenalle atretigth is roughly proportional to cni&Uing 
strength and ib easief to detentiintr Briquettes are made 
with 1:3-oemont - aand mortar in the preacribed manaer 
and the average terwile breaking strength of ail briquettes 
ifi taken. The tensile tost alone shall not form the ba^ 
of Bcoeptanco or rejection of oement+ No tensile strength 
test shall be required in the case of low heat eement. The 
test briquettes should give the following results : 

Ordi nar y cemciit— Ivoi less th flj i 300 Ibs./sq. in. after 
3 days and grPi^tet than 37o 1bs./aq+ in. at 7 days. 

Rapid hardening ce meat— Not leas than 300 Ihs.^aq. in. 
after 1 day and not less than 450 Ibs./sq. m. after 3 days. 
Compressive strength 

Ordinary cement— Not less than I €00 Ibs./sq. ui, 
after 3 days and not lesH than ;2500 Ibs./sq. in. after 7 dayrj. 

Rapid hardening cement— ^Not less than 1600 lbs./sq. in, 
after 1 day and not leas than 3500 Iba./sq. in. after 3 daya. 

Test loT Setting Ttine, Make a stiff paste of neat cemeut 
and water and form it into a pat about 3 ins. diameter 
and i to 1 in. thick. The pat should comTiienoe to set Ln 
about 30 to 60 minutes. In 18 to 24 hours the pat should 
have hardened suffieieQtly so as to make it impoesible 
to scratch the surface with the thumb-naih It !:^hould bo 
difficult to break liiith the fingers after 48 hours and it 
should be set fully hard in 7-8 daya. 

The commencement of setting of the cement can fje 
roughly estimated by pressing the uncut end of a lead, 
pencil into the mass ; it will be found that the resistance 
to piercing increases, rather suddenly when setting begins. 
The time should be counted from when wetter is add^ to 
tho cament. The effect of higher temperature is greatly 
to accelerate the aetting time. It aometimes happens 
that cement becomes quicker setting with age and storage. 
Cement keeps on hardening for at least one year and 
the strength of concrete at 28 days ia considered only 
be 60 per cent of the strength at the end of one year* 
(This haa been further explained under ^‘Ouring''.J 

Ce^ment which has deteriorated in. respect of quick 
setting can be made use of with lime in the proportions O'f 
1:2 in place of pure lime and can be u.scd for works where 
hme mortar will do. 
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Test (or Soundness. Boil the set pat (as made for the 
setting time test) in water for about 5 hoiira. The pat 
should remain sound and hard and should not swell, crack 
or disintegrate, but may show only hair cracks! The 
soundncM test is in some respects the most important of 
all for if a sample passes all other tests satisfactorily 3 ’ot 
fails in the soundness test, it is worthless as a construc¬ 
tional material. 

Deterioration of Cement with Storage. Cement has a 
'ttreal avidity for water and will readily absorb moisture 
from the atmosphere or from damp material in contact 
with it. Cement exposed to the atmosphere becomes 
hydrated and loses strength. The absorption by cement of 
i or 2 per cent of water has no appreciable effect,* but further 
amounts of absorption retard the hardening of cement 
and reduce its strength. If (he absorption exceeds 5 per 
c<*nt, the cement is for all ordinary purpose, ruined. 

Cement stored in bulk or in air-tight containers does 
not deteriorate. It can be stored in covered barreb or 
hilts. Cement thus stored up to 6 ft. or more in depth can 
lie for longer than a year with no more damage than the 
formation of a crust on the surface about 2 ins. thick, which 
is removed before cement b taken for use. Special care 
is neceasarj' during the rainy season. Bags should not 
lx* opened until cement b to bo emptied into the mixer. 

When cement b stored in sacks (made of jute) absorp¬ 
tion takes place froni the air and the strength of the cement 
is considerably reduced. The following figures show the 
average reduction of strength in a mixture of 1 part of 
cement to 6 parts of aggregate (1:2:4 mix.) as a result of 
storage :— 

Cement freeh strength 100 p.c. 

Cement after 3 months storage, strength reduced by 20 p.c. 

>» ® »* »» tt ,, 30 ,, 

»» *• »» It I, 40 „ 

” '• »» It 60 „ 

Ordinary Portlai^ cement which has boon stored over 
six months, and rapid hardening cement which has been 
stored over two months, from the time of leaving the 
factory I should always be tested before use. If doteriora- 
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fbn, U EHiapeqtcd the teat for time" dpseribed abovB 

should bo applied. 

Test for PretihRess of Csmallt* Indioationa of a 
dnmiged content are giTon by the presence of large lumps 
of aot cement, and when this happeoa the lumps should 
be screened out uulesa they are soft oaoiigh to be powdered 
when prea^ed in the fingers. It should feol like an im¬ 
palpable powder each aa flour ; there should be no gcitti- 
nesa,, Anv caked Of lumpy coment should be summarily 
rejected. 

Storage ol Cements Cement can be safely stored in 
aaoks for a few months if kept in a dry and air-tight room. 
If prolonged storage of cement is unavoidable, it is better 
to empty the bags and stock the cement in as deep a heap 
aa poasibie in a damp-proof enclosed apace. Paper sacks 
are bettor than jute sacks aa regards deterioration by 
moisture. Cement atored for mote than ail months should 
bo tested for soundness before use on all important works^ 
und which period may be three months when stored in 
jute bags. Concrete made with storage-deteriorated 
cement takes longer to harden, 

Cement in bags should be stored in a dry room on a 
raised wooden platfoiru 6 to O' ins. above the floor level 
and 12 ins. away from walls, Bags to be stacked in not more 
than 10 layers high (max; 15 ft-} to prevent bursliog of the 
bags in bottom layers. The bags should be placed close 
together Uj reduce circulation of air and all npenings in 
the room should also bo wbU closed. If the piles are to 
be more than seven or eight bags high, the baga should be 
placed in headers and stretchers, i.c., altomatively longth- 
wiac and crosswise- A bag of cemont is considered to 
occupy 1 Jj c. ft. and not leas than S(|. ft. of door space. 

Weight Ol Cennu^Ut- Nomxal Portland cement weighs 
75 to 100 lbs. per c.ft. when lon.sely packed and 110 lbs. 
per c.ft. when well compacted and its weight per c,ft. yaries 
between these two limits depending upon the degree of 
oompaction. Therefore, the method of mcftsuremont 
by volume is inaccurate. Cement should be measured by 
wei^t. I cwt. big of cement in taken to contain 1.22 e.ft. 
The weight of a gunny bag ia about 20 or. and that of a 
paper bag about 14 os. Net cement in a cwt. bag may bo 
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only lOft or 110 Iba. The permiasible tolerance on the 
weight of Cement ^applied m bagii is per cent. 

For estimating purposed cement is taUeni to weigh SM> 
lbs. per c,ft. Rapid hardening cement is tahen to weigh 
60 ibs. per c.ft. and 1.4 c.ft, to a cwt. bag. (A aack of ce¬ 
ment ia 112 lbs. in Britain and 94 lbs, in America.) 

As cementfi manufactured at different works arc not 
of a tmiform cjuality, uae cement ftom one mill only for 
one job w'heneTer possible. 

STEEL—REIN FORCEMENT 

The steel used for reinforcement ia cither mild steel 
or high tensile stcch the former is more common. Re- 
mforoeniicnt is commonly made in three forms, viz., (t) 
plain bars, (n) deformed bare, and (m) fabric. 

Plain bars may be either round or aquare, the former 
being the more common* Common standard diameters 
: r. A', r. 1% I'r ir* and 1*'. {Areas and 
weights of bars are given in tabular forma at the end of 
thia Section.) Sizes smaller than dia. {sometimea smaller 
than -fj') are know'n as wires and are nianufoctured in 
standard wire gauge sizes. Mild steel rods for reinforce- 
ment should bo of some standard manufacture and of 
adquate strength. Re-rolled rods arc not generally of full 
Btrei^h* 

Deformed and twisted bars have higher initial coat 
than that of plain bars but a leaser weight of steel iB re¬ 
quired aa these bars have higher tensile strength and j'l^ld 
point. Deforming the bars also increaflea the bond be¬ 
tween stoel and concrete. These bars are manufactured 
in a variety of proprietory shapes. 

Fabric are mainly for slab and w'all reinforcc- 
menta. There ate a number of proprietory patterns with 
different strength propertiefl. Expanded metal (XPM) 
formed from sheet afeel is also useci- 

AU reinforcement should be free from loose mill softle, 
loose or scaly rust* oil and grease^, immediately beforo 
placing the concrete, A thin rust discolouration or light 
met which adheres firmly to the bom is not considered 
harmful and may be ignored* When steel roda are to bo 
fitored for sometime they can be given a cement wash to 
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^ard p gainft t, rustiTigx Store the b&re off the ground, and 
if they arc to be in Btock for long periods provide aome 
ooveriiig to beep off the r&ln. \arjou3 sbies ahould be 
atacked &eparatcly* Looao mat can be cleaned with a 
^ire bmah or hessian cloth. 

Bending Rais. Wherever po^ible bars should nc 
bent whilst cold. Bars bent hot fthould not be cooled by 
<]uciic1ung in water or oil. Reinforcemont should not be 
bent or straightened in a maruier that will injure the ma¬ 
terial. Twisted hors should not be heated. Welding may 
he allowed at the joints but such jointa must be located 
at positions where the steel is not subject to niDre than 
75 per cent of tbc mascimum stresses and the welds should 
be so staggered that at any one section not more than oO 
per cflut of the rods are welded. 

Placing Relnlorcement, To ensure that reinforoement 
is correctly placed in position and is not moved dui^ 
coucietingt seenre fiaJiig is essential. If the bajs got moved 
out of position, the member may lack strength and may 
fail under load. If relnforcmg bare have too little covet 
they will ruat, e]cpaiid and eventually break up the con¬ 
crete. Cover blocks or packing pieces oan be made of 
concrete of ,sii!e X T X 1 i'. The of pieces of aggre* 
gate as packing pieces is a bad practice and nhould. not be 
aDowed. Never allow the reinforcement of a slab to bo 
laid On the formwork and raised as the concrete is placed. 
After reinforc^meiit has been fiaied care should be taken 
that it U not damaged or displaced by men w'atking over it* 
Bare ehould be out with a tolomncs of an inch or an In 
length. It is beat to mark off the length from the centre 
of a bar towards each ond If the bar is hodked or bent at 
both ends. Bars hooked at one end only should be marked 
off from the straight end towards the hooked end. Usd a 
steel tape for measuring bare. The dimeosions giv^tt 
should follow the conveiition of measuring from “outside 
to Outside" except where ahowu otherTA^ise. iLirt out 
the first bar aorordiiig to the given dimensions and check 
it after beuding. Base the dmionsioiig of subsoqueat 
bars on this first oufli making alterations where nBCesairy* 
This U pirticnlarly important where a bar has a number of 
benda* 
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AGGREGATES 

Quality of aggrogatesy Skice charactcnAtlc^ of oon- 
exett ATO directly related to those of its constituent a^- 
gregatee, aggregates for load bearing concrete ahould be 
hai^, strong, non-porons^ free froin friable* elongated and 
laminated particles, and should be suitable for the purpoao 
required. Stonca ahaorbing more than 10 p.c. of their 
weight of irater after 24 hours immeraiou in w ater are 
considered porous. Porous matcriBls corrode reinforce¬ 
ment, A friable aggregate will produce a concrete of si¬ 
milar nature. Elongated or laminated particles are w-eak 
in shear. Stones having mica incloaion should be avoided. 
Stones of the verities of gronite, quortziteH trap and ba¬ 
salt* and tho**? \vitb rough non-glossy surface are con»- 
dered best. All sand-etones tend to be porous. Soft 
varities of sand-atoncs make poor concretes and also pro¬ 
duce shrinkage crachfl, litneatone is quite good provided 
it is hard, ciyetaDine and entirely free from duat. Lime¬ 
stones abould not be need in works aubiect to ezeesEive 
heat. Both lime and sandfitone^i and other porous etonea 
are not suitable for atrueturea retaining water. 

Aggregates must be clean and free from clay, loam, 
vegetable and other organic materiaL Clay or dirt coating 
on aggregateti prevents adhedon of cement to aggregate* 
slows down the setting and hardening of the cement (con¬ 
crete) and reduces the atrength of the Concrete, 

The ma.teTial above sire is generally classified 
os ‘'coarse aggregate” and Im^Iow that srize as ''fine aggre¬ 
gate” or "sand”. E.S. sieves usually adopted for grading 
of ooncTcte arer For coarse aggregate—H', J'. |' and 
For fide aggregate—Bieve Koe. 7* 14, 25, 52 and lOO. 

CoaTBc aggregate should he ordered in aeparate sizes 
and recombin^ in the proper proportions while batching. 
A 1^'nominal maximum sise aggregate will be ordered in 
three size’s. to J', to |'* and |' to A nominal 
maximum size will be orderf^ in two sizre, J' to and 
I' to Separate stockpiles should ho niaintained for 
the dUfferent sizes. 

Shape ami Surface Teji^iure al aggregate partleles 

?hopo in dast^ified into four headings ; rounded (of 
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Mpberical), irncgtilar, angular and flaky (or elongated}. 
Kouiided are full}' ivator worn river or waflhore gravels. 
Irregular are portly shaped having rounded edge^s pit sands 
and gravels. Angular possess well defined edges and are 
crushed rocks of all types. Flaky is usually angular of 
which the thickness is HmaU relative to the width aud/or 
length. [See figure in Section 13 under "Selection of 
Stone Metal'*.) Surface tesituro is dassified under kLv 
heodingB as glassy, fimooth. granular, rough or pitted^ 
crystalline, and honey combed and porous, hut for most 
practical purposes these can be condensed under three 
headings: fimooth. rongh and honeycombed. Rounded 
and irregular gravels are smooth, or relatively so, and 
cruslied stones are rough. 

Both shape and eurfftoe texture affect the workabi¬ 
lity and possibly density and strength of concrete; shape 
is the more important factor. Tlie workability increase 
as the aggregate particles become smoother and roimdet. 
Roughly spherical |or rounded) aggnegateo prod.ifce the 
moat workable concrete when the mix pnoportionfl and 
the Water,'cement ratio are unchanged. Concrete made 
with sharp angular aggregate (cruahed rock or emshed 
gravel) Ls considerably Jess workable amd also needs more 
sand and more cement - but angular particles interlock 
better. Angular pieces have more voids than rounded 
Ones. For the aame degree of w'orkabLtity an angular 
ftggregftte may produce a concrete having a cmsliing 
strength some .“jO per cent lower than a w'aferwom and 
relatively rounded aggregate. 

ExcofiS of thin, flat, elongated or flaky pivrtides should 
be avoided m they produce harsh unwoiiable mix and 
are not suitahle for Estrength beating concrete works. Ag¬ 
gregates with rough surface also produce weaker concrete. 

Rounded aggregate (shinglc-hajree) require one c.ft. 
of less Cement and about two c.ft. ofless sand, per 100 c.ft, 
of concrete and about one-third of a gallon less water per 
bag of cement than angular pieces to produce the same 
workability, and hence should be preferred where available. 
Gravel frounded, aggregate) is a very suitable aggregate 
for water rctaming etnieturcs. 
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Maximum Aggregate Siie* The niaximuin size of 
ftpgiTgate ift govemcid hy the nature of tlic T^ork» Tbo 
maximum size of aggregatt' may be up to 6 ins, for mass 
eonenete. but size up to 9 ina^ has also been used in dams. 
A^rpregate of this size retjuire garnful mix design to aTold 
st'ffregation and it is probably ^vif® to limit maximum size 
to 3 ina. Large atones u'hich are embedded in mass eon- 
en'te works are cdled "pluniB^\ Plums abould be sound 
and hard and should not be placed nearer than 6 ins. to 
One another or to an exposed surface. 

To obtain high crushing strength, the maximum size 
of aggregate should be as large as conveniently possible, 
but it should not tiormally be greater than one-foiirth 
in plain ooncrete and one-fifth in reinforced concrete, of 
the amadeet dimension in the structure. For heavily 
reinforced members the nominal maximum size of aggre^ 
gate should bo J in. less than the minimum chstance be¬ 
tween the reinforcement Ijars or the mini m u un cover of 
ooncrete over the reinforcement whichever is Jess, provided 
that the concrete can be placed without difficulty so as to 
Burround all reinforcement thoroughly and to fill comers 
of the formwork. 

Maximum size of Aggregate Recommended for Various 
T^'pes of CJonstruction (Baaed on American Concrete 
Institute) :— 


Mint gilt of 

2J' to 5' 

6'to ll' 

12'to 29' 

Str or 
over 

Remfoived vaUs, htNuuH 
and colunuiA 

r 

i' li' 

i|' to r 


Uurtinfarced WuUs or 

p to 1' 

If' to 2' 

3'to fl' 

5' 

OMsa conemta 

Heavily rvinforc^d olab^ 

J'to 1* 

U' 

11'to 3' 

y to 6' 

Lightly n^jATorcod ar 

tiaroinTorcod altbft 

r to 1^- 

U' to y i 

r 

a' to 6' 


For most of the coiumon reinforced concrete works, 
i maximum size of f In. for coarse aggregates is generally 
BUitablo. For heavy sections a maximum size of 11 ins, 
and for mat^ concrete works size up to 3 ins. may be usecL 
For thin members tiuch as ribs and. top slabs,^ the largeels 
aiio of aggregate is generally f in. 
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Broken Brick Afgregate . , u * 

Thifl i» often quite * good material but great care 

should be exercisiid in cbootiing it fw some bneks oont*^ 
eulphur and unslakcd lime, others have found to 

posseea qnalitie^ which render them unauitablejor co^ 
Crete; where thev are to be employed only a 
variety should he selected. Brick n^regate should be 
satuTAtod with water before use to avoid the abaoqjtion ot 
the mining water which is necessary for the setting an 
hardening of the cfoncrete. 

Coarse aggregate of porous nature with a perMatago 
increase of over 10 per cent on dry weight, after 
sion in water for 24- hours, should not be used. 
aggregate is more fire resistant than broken stone u is 
not suitable for water-proof constructions. 

Cinder Concrete , t l u*. 

1 part of cement and iO parts of cinders. Is hg 
and porous. Has good heat insulating properties aiitt 

be used on top of roofs, laid about 2 thick ^ ^ 

slope of not leas than I in 48 ; should have another ycr 
of about I waterproof csement concrete over the top las 
cinder ooncrete is not waterproof) with a layer of water¬ 
proof paper in Ijctween. 

Storing or Stockpiling of Aggregate . . r . 

I>uring titering or handling of aggre^te it ts of utmost 
importance to nee that there Ls no segTOgatioB, i.C., separation 
of the variouti siios of particloa. Stockpiling eegr^ation 
does take place if succeswive consignment? are tiro^ 
ped on the same place each time and it forma a pyramid 
uke heap, as the coarser matcriiils rod down the sides ol 
the pile while the finer particles stay on in the centre of the 
pile in csoncentration at the top. Therefore, all ® 
should not be piled at the same place hut should be 
in Individual units side b}" aide not larger than a truck Iom 
and which should be Flat-topped and not conical. Materim 
should not be thrown from a height as this will also result 
in segregation by the winds. Pile* of different siiea of coarse 
aggregate aud of sand should be kept separate. On la^e 
jobs it is preferable to make separate oompartinents for 
the vaiiouti sketi. 
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FINE AGGREGATE OR SAND 

S^d for concrete works La defined aa the af^gregate 
of st 2 cn a size that it will all pnaa through a nieah SQtiare 
measured in the clear, and not more than 5 per cent by 
weight ahall paaa a No. 100 B.S. sieve. Sand is usually 
obtained from the following aourtea :_ 

Sea sand’-Particle sizes are often too fine and too 
niufonn for g^ class work. Sea aand should not be used 
in itfl natural state. Salts 'will attack reinforcement; if 
content is high it "will retartl ^tting and hardeoing 
of cement and may cause efflorescence but it may not have 
any deleterious effect on ultimate strength of the con- 
CTCte. Thomugh washing will remove moat of the saJt 
Mintent. fea sand must he tested for organic impurities. 
Ptesence of salt in aand can he detected by tjiste. 

Pit ^d—Sand obtained from old abandoned beds of 
nvars la nau^y considered to be the beat. Pit sand 
OM ehftrp angular grainH while river sand is fine with round¬ 
ed grauifl, 

Ffssh water^ river or lake ^and’-ls usually quite gocxl 
but may be contaminated with mud. Sands obtained 
Irom nver beds or pits are often found mijEcd with cUy 
adt and mica. 


Crushed stone—.Screenings from crushed atone often 
con^n a high percentage of dn&t and clay and may tend 
to be flaky. Flaky or angular particJcu may produce u 
narun oonerote. 

^nd is either round or angular in grains and is often 
lound mixed in varioua gradation of finencR'i, TTie sand 
used for mortarw should consist of sharp {Le.. angular) 
j various rtiaes. It Ja geoerally con^dered that 
rounded gnaina do not interlock sufficieiuly to produco 
a atfong mortar. Rt^^nt tests however, have shown 
tnat oji good a concrete can be mode frrun sand moaistinJE 
01 TOund^ grmna aa from that in which the grains are 
ftugmar. The grams of wand which are angular sive tho 
btet of temdle strength, thewe that are round give 

the bluest compreewion strength. Ejrperimcjite have 
ahown that ooiLWideirftble variation in the strength of laor- 
tars may occur owing to the form and variety of the sand 
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D&rliolM ■ the strength of a mort" 

ee'nt of the average. Sand particka should, ho^. 

“""clu? rf sands varv fton, deep bto™ to vehite ™1 
variationB of colour may be found in 

D«.p brou. oolour k dne^tbe^«»u» 

.a.r" ^oV 'in any s»d^ AU ^ 

are generally found to contain some 

elav.^ Mien is easily diaeemab e from '** „ 

A Certain percentage “VT'^^l^dtto 3 

ma^irouin of 6 p^t cent of silt nod 2 rturti- 

is usually alloteS. Sand should 

cles of ahell, Coal rewdues arc particulacly haffliui 

they may hare a °n S^n“a*“™ rough field 

Test lor presenw of slit or tUy m sana. s 

mav be carried oot by nibb^ a 
between damp hands and noting the W 

dean nnaterinls ’will leave the hanjl*’ o J ® ^ 

and euch a sand Ls good J' it 

bandH etay dirty after the sand ba<3 been Htov-ti a^aj. 

iadiratee tbe preaence of too much si t or 

(it) Half fiU a glass tumbler with sand 
ckan ’water until the tumbler is tbree^qua - ’ ii^our. 

up vigoronelv and leave it to wttle for a e j,]^y 

Clean sand will Rcttle immediately and pre^Jt 
will ahow the water muddy. Any ^f3: 
bIdwIv on tbe top of the sand. If ■*'' * nroceea and 
one tcflppocirfu.1 to a pint» it will quicken r^:*tncsti of 
Flit will settle in a layer on top of the 6<m^- _ 

sat laver should not exceed one-seventeenth or 6 ^ » ■ 

of Chet of TiruT^M * 

la more, eand needs ’fta^hmi. ^ ^ 

ffsf. This test is not applicable to erushwl ^ 

A small percentage of silt or clay (not ex ^rtai- 

pr cent) is considered to improve the pl^*^ J _ . 

to some extent, but an excess causes itmIuc lon i _ 

In a very coarse «mdr it may be 

desirable to introduce ft Finall percentage „ 200 

to improve itB harshness. The material j., _ ^ 

B.S. sieve U ^nemlly conuidered to be the c y. 
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*nd fine duHt In an ajBfgrie^atc. The permiseible limits for 
Silt, elAV and fine dust aa givpn in B S.S. ii&2 are 

Natural Of erushed gravel aairds .. 4 p.c. 

Crushed stone sand 10 p.c. 

Coarse aggregate of either type .. 1 p,c. 

Clay forms a sort of film on tho parLicIea of sand and 
prevents or reduces the adhesdon of csement to the sand 
p^iciea- retarda the setting of cement, incroasea drying 
wriukagOr Clay having a greater surface area than sand, 
the amount of water required for the miy.and thus 
reduces the ultimate strength of the concrete or mortar. 

Test for Organic Impurities In Sand 

A simple teat for detemuning the presence of injurious 
organic matter in sands is mode by shaking some of the 
sand in a plain glass bottle with an equal volume of a 3 
per cent sohition (about Ihot. in a quart of water) of caustic 
soda, and allowing the mi^tture to stand for ii4 hours. The 
Squid above the sand should then not be darker than light 
straw' (pale yellow) colour^ Tf the colour is a marked 
yellow or broiA O the presence of an excessive amount of 
organic matter is indicated. 

Such impurities can be removed by washing the sand. 
Washing has the additional advantage of removing any 
Halts in the sand. Organic impuritiea in sand may be 
either due to decayed vegetation, humus, coal particles, 
or organic slimes and industrial wastes depending upon 
the TOUPce of the sand. It is generally considered that 
organic impurities retard the setting of cement and thus 
have deleterious effect on the strength of concrete or mortar, 
(^me laboratory tests have mado this point doubtfuJ.) 
Whatever be the effect of organic impurities on the be¬ 
haviour of ft sand, it is considered desirable to remove this 
impurity as much as possible. Organic impurities may 
also be present In the mixing water. 

Test lor presence of sand in cemenL Dissolve the 
mixture m hydrochloric acid, sand remains iindissolvcd. 

Detennlnatleii of Hbc Proportions x Approximate Ana-^ 
lysis of Fresh Coucrete. Mix a small quantity of the con¬ 
crete with 'water and then Hcreen through a ^ in. meeh 
were ; depoeita on the screen Is eoarso aggregat?. Take 
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liouid in a elaaa jar and stir it vigoroudy with a rod 
.rd Xw it to Lttlc. Sand will settle at ‘he 
cement will deposit on ita top ns a clearly defined aedi- 

ment. 

^'^^^nd wh«n damped bulks or occupies more s{^ than 
it does when com^tely dr>-. This »>“lking mc^ 
with increasing water content up to 5 or 6 per <»nt w^re 
U L ma:dT^and then increase of moisture content above 
this optimum gradually reduces the piking 
is completely saturated (or inundated) 
is practically nil and the ‘iccup.es alm^^the 

volume as when dr>'. A moisture «ntent of - te 5 per 
Snt wiU increase the volume by 15 to 30 I>-f 
40 per cent. Fine sand bulks more than c^rse sand. Even 
gravel of small size has been found to bulk as much as 10 

The amount of bulking can be readily determined ^ 
site. A suitable method is as follows : A 
container is partly filled 

off but not pressed down its d^th “ 

The sand is then weU mixed and stirred 
water and allowed to settle. The volume ^upied by ^e 
sand after settling is then roughly ^ual to ‘hat whi^ 
would be occupied by the same weigh^f sand when dry. 
This new depth of sand is also measured. 

If T) be the depth of the sand when ^p and 
the depth after settling under water; then the percentage 

bulking=5^‘X 100, and this additional percentage of 

«md should^ added to the ^ 

proportiona. Thus a mtx speafi^ to •>? > • 

4 eSmae aggregate by volume (dry). -* 

damp sand if sand bulked 26 per cent is 
mia increaae of volume muat be 
concrete mix othenriae the concrete mil 

giving riae . «g^te) are nearly 

s:ryrrr:i"Enr'due‘^^^^^ 

can be entiiely eliminated by uaing weigh-batehing 
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ia pru^fereoco to volume batching aa the weight of aand u 
veiy little affected by dampaeaa and with ^i-eigh-batching 
the masimum error can be of about o per cent only. If 
volume batching niUBt be injed, the gauge bojcodi ehouJd be 
IncrcaBcd in volume over that required for dry sand ao 
that an ahowaDce automatically made for bulking, and 
the gai^e boxee should be deep and of small cross-section 
to avoid exoe^ve errors arising from filing. 

A correction must also be made in the iquantity of 
mjAing water to account for the moisture in the sand 
which otherwise would influenoe the water'cement ratio. 

Water drains quickly through sand in a vertical direc¬ 
tion but slowly on a gentle fall. 

The free water in sands as delivered to the job site 
tiormally ranges from 2 to 6 per eimt by weightj but may 
reach S per cent or more if the sand .8 extremely wot 
Coarse aggregates seldom contain over 2 per cent of free 
water by weight ; tiaprock and granite may co ,tain only 
f jter cent and pebbles and crusbed lime atones 1 per cent, 
while porous sandstones may contain 7 per coat and very 
light and porotiB aggregate as high as 25 per cent. The 
™rtier the aggregate the leas water it will carry. If, on 
the other band, the aggregates are air-dry, thev will 
absorb up ty 1 per cent of their weight of water before 
reavhing a saturated, surface dry condition. Dry aggre¬ 
gates that are oitrenely porous w^Dh of ootirae* absorb 
several times this amount of water. 

AppnKrimaie QuajitHy of Surface Water or Free Water 
Carried by Average AsgregaU ; (IS : 450). 


Condition of 

Oollst per e, ft, nfixrefliiitc 

Vofy wet sand *, .. ,, ! 

-. .. # 

Moih-nitoly wet HUd .. *. ] 

Hniflt sand .. .. ^. 1 

T 

i 

,. .. ^ 

Mowt gmvcil or anuihtd atono ,, i 

., i to i 

Wet sand hna less voids as water fillfl in some Bpaoo, 


between spherical particlw 
regardless of 
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The proportion of voids can be estimated by fiUing a 
measure with the apgre^S^te and then pouring m water 
until the water is level with the top of the aggr^tc. The 
ratio of the volume of water, added to the volume of ag- 
erecale is that of the volume of voitk to that of aggregate. 
Percentage of Voids in Sand and Aggregate 

Aergn-gato \oid* % 

Sand, fin*, paa^ing IS-ineah fiievt {f- S24 

xni^EBS to thn sq.inhll . ^ 

Sand, mtpiat, ■coarBff. not pai»trg IS Jiievo 
Sand, moist, coara?' and rifiO mLxed, ordinary' ,,, 

ftimd, dry, ooaiso and finiJ muted 

Gravel 

Gravel aivd aand mi JEcd 

Ballaat 1' aiid under. 0 %COajn»aand 
Broken atono 1' and under 
BhjImb ateno 1T imd under, dost only Bcxoonetl 
Brokoo stono 2' and tundflr, most small Btonea . - r 
noreencdout ■■+ ■■■ 

Ditto.^l" 

Briak ballast 


TEST SIEVES 

A "sieve" has square apertures and the mesh of the 
siex^e ia indicated by the number of divtsioiia per inch 
length. A ''screen” baa drfiular apertures and is desonb^ 
hv the diameter of the cireular openings. BS is British 
Standard used in England, ASTM and Tyler sieves are 

used in America, ,, , 

BS aaries of teat ftievea follow aperture widths based 
on the nurabar of meshes per inch, *.e., a No. 10 Hieveji aa 
Ifl divisions per inclLJeofHh or lOO opening per square 
inch ol tfie^sievo; a No. 2o ideve has 25 diiidsions per inch 
length or 625 openings (or sieve meshoa) per sq, in. La 
the case of Indian Standard sievea the designation is the 
same as the aperture width espressed te the_n^rMt^B-* 
caniicron (or 0-01 mit^t thus IS sieve designated as 50 
means thaSiR aperture width of that sieve is approxi¬ 
mately 500 microns. r j t 

Teat sieves 3/16 im and larger are of perforated platos 
(aquara bolea) and BS No, 7 and smaller are made of 
fine mesh wire cloth. 


43 (av.) 
{av.) 

sa {av,> 
30 (bv.) 

22—25 
22 {av.) 

(av,J 
*1 (av.J 

4B jav,) 
41 (av.) 
33-^ 
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COMPABISOH OP DIFFERENT STANDARD SIEVES 


SievD Dcai^Stian — SleC or Kp. 

Sieve OpCaiiiN or Width 
of Aperture 

Indien 

Standard 

Equivalent (approi.) 

BS 

A STM 

Tyler 

mm. 

i Ln. 

S 70 

._ 

H 


5.660 

0.2230 

480 

4 

4 

4 

4.760 

0 . 1870 - 3 / 16 * 

400 

— 

S 

5 

4.000 

0.1570 

340 

5 

5 

6 

3.353 

0.1320 

320 

— 

— 


3.180 

042524 / 8 ' 

280 

8 

7 

7 

2.818 

0.1109 

240 

7 

8 

3 

2.411 

0 . 09494 / 10 ^ 

200 

8 

10 

0 

2.032 

0,0800 

170 

10 

12 

_ 

1.670 

0.0650 

ISO 

— 

— 

10 

1.600 

0 . 06304 / 16 ' 

140 

12 

14 

— 

L .405 

0.0553 

120 

14 

10 

14 

1-204 

0-0474 1 / 21 * 

100 

18 

18 

to 

1.000 

0.0394 

35 

18 

20 

20 

0,853 

0.0336 

80 

— 

— 

— 

0.760 

0 . 03114 / 32 ' 

70 

22 

2.7 

24 

0.708 

0-0279 

00 

25 1 

30 

28 

0.590 

0.0236 1 / 42 * 

50 

30 

35 

33 

0.500 

0.0197 

40 

36 

40 

35 

0.422 

0.01 $6 

36 

44 

45 

42 

0.351 

0.0138 

30 

52 

50 

48 

0.295 

0.011 S4/84* 

25 

60 

60 

60 

0,261 

0.0009 

20 

72 

70 

6a 

0.2LL 

0.0083 

IS 

85 

80 

80 

0477 

0.0070 

IS 

100 

100 

100 

0452 

0.0060 

12 

120 

130 

115 

0424 

0.0049 

10 

150 

140 

too 

0404 

0.0041 

0 

170 

170 

170 

0.089 

0.0035 

S 

SW 

200 

— 

0.076 

0.0030 

6 

240 

230 

200 

0.054 

0.0025 

6 

300 

370 

- — 

0.053 

0.0021 

4 

- 

325 

— 

0.044 

0.0017 


(A 200 romh BS sicrno piusM coly dvKt through it.) 

of tanterihlft for U» njanuTaotiu^ of (liev'fo «» 
givan to Indian Standard : 400—1953^ 


Grading ol Aggregates 

A graded aggregate is one which is made up of atOQoe 
or particles of different sizes, ranging from large to amall 
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(mcJoKiTe of Buui) » ah to luye mbixiEitLm of bu voidi 
(■ad tfaftt will liATB m&xiiDiiiii deundy) wfaeu miiied toge^ther, 
Tho YoidH ill Uio mixed a^^gr^le vould be minimam when 
the saod u fmt Hoffident to ftU the Toida in the ooajiie ag- 
gre^te. Voidb tn the coeise aggrei^te are fiDed m 
Hand and Toide in th*^ sand are fluedmbjoemeDt;. Mix 
that ooDupios the least volume is the densest and will pm- 
dnee the beet reaultn. The volume of the eoarse aggr^ate 
is gemraDj taken as twioe that of the fine aggregate^ bat 
variatioQa of Hh proporticoB may be made within the limltB 
of 1^ to times the volume of the fine aggregate to suit 
the Bixe and grading. Grading s of great importance 
oinoe it affects workability of concrete atid hence density 
and etrength. 

The oombined aggregate when mixed with the required 
qnaataty of cement and water, ahould give a good work^ 
able concrete which caa be readily placed in poeitioii 
without segregation. The promr^on of fine to coarse 
aggr^ate eho^ be such as wul give maximiim workabi¬ 
lity with minimum of water. Mi^urea with a deficiency 
of mortar ffme materials) will be hanh^ hard to work and 
difficalt to finish. A little more Band makes the concrete 
niore fhtki without extra water. Too much of sand wiB 
hiCTease porodity of the concrete and need mom cement. 
Foe ooiwxete works to be water'proof, a dense mix should 
be aimed at with amaQ axe of aggregate. 

It ia a wall known eoncept that the Bum of the aohd 
yohunes of ingrsdieats (eement. aaod, aggrerate and water] 
in a given voloinfi of Doncrate must be eqau to the volume 
of the resuHing eoaerete when fully compacted. Solid 
Tol u^ of a material is its weight (bulk) divided by ita 
dendty. Denaity Is specific gravity by wdgbt of one o.ft. 
of water (B2.i Iba.). Density of cement is about 19T Lba. 
per cJt. and density of water h its woi^t. Wh^ diying, 
emporatcB and leavefl air voids; cement expaznla 
m the proona and occupies some of the air voids, 

SometimeB it will be found more economical to in- 
ts'^pae the cement content above the mmimnm required 
and to use a Less satiafactoryj but more easily obtainable^ 
grading. 
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The pfoportron of Toids to toIuju* of weB 
uxtA Is 30 to ^ per «Jit and that of coarse aggregate be¬ 
tween 30 and 45 pef «nt. This ahould represent the 
amount of cement required to fill the intcratires in the 
sand and the amount of sand required to fill the interati^ 
in the ooaiBfi aggregate. But it has been realizwl that 
when sand U added to coarae aggregate the particles ol 
latter are separated by grains of sand so increMing the 
orieinal volume of voids. To allow for this and to obtain 
woSiabilitv, ten per cent extra sand and fifteen per cent 
extra cement to the percentage of voids in aggregate and 
MUid are osuallv provided to arrive at the proportions ol 
different ma e for a particudar mix. The proportion 
of sand to coarse aggregate is usually taken as 50 per cent. 
I^ercetltage of voids can be tested by a simple method as 
described later. 

The ratio of fine aggregate (material passing a 
sieve) should be decreased when the maximum size ot 
afigrcEatc is incnsaaed. For aggregate of li-m. 
nSn dae. U generally be found that the best faults 
«« obtained when the fine aggregate lie betwwn 15 ana 
40 per cent of the total, and for aggregate of J-m, math 
tnum size, between 30 and 45 per cent, leaner mixes may 
be used w-ith the larger size of aggregate, 

A somewhat coarse grading is more suitable for * 
concrete of low workability such as would be used where 
vibratkm is eraploved as a means of compaction, A 
what finer grading would be better for a more workab 
concrete such as is required for hand compaction. A 
coarser grading is one in which a greater perrentage oi 
partklea is retained on a particular sieve. 

Excess of fine materials need more cEment and more 
water, A amount of very fine material (pajpi^ 

No. 200 BS sieve) may improve the woTkability 
concretei but an excess causes reduction is strength. Tiin 
matCTud through No. 100 BS sieve must not 

exceed 10 per rent, C!niahcr dust in broken stone ifl m* 
jurknis when present more than 10 per cent. Clay 
although tprfw mjnTioufl. but ahoaU not be mwe than 
per cent. 
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For high-class concrete batching should always ^ 
done by weight. Care mu&t be taken to allow for the 
bulking of damp Mod. (See under ''Bulkmg ofoann .) 
If the proportions by weight are to be ^verted into th^ 
equivalents by volume the bnlk densitiea of the materials 

used ruuBt be known. _ 

No definite proportions tan be prescribed, the best 
proportions being determined by trial, since snccesMTe 
batches of aggregates may differ greatly. In making the 
proportional adjustments, the proportion of cement to 
the fiom of the volume of the fine and ooaree aggregate 
mesaured separately for nny nominol mm shoidd^ remain 
unchanged. Tlie determination of the proportion aiod 
consistence: i^ called *'Desigti of Concrete Mixture . 

Hondnal pilif Je the proportion of cement, sand and 
broken atone, all the three measured separately by volume 
i(diy materials). 

Real mix ia the proportion of Dement to a mixture 
Kazid and stones by volume. Sand and stones when, mixedi 
together will occupy less volume than when measured 
separately. 

Field mix. The proportions of wet sand and 
taken to make a particular nomine! mix is called a *'fieki 
mix.” (S« under "Bulking of Sand.'*) 

Real mix proportion depends on the size of aggregate 
and the proportion of voids. Field mix proiKprtion de- 
pends on the wetness of the sand and aggregate. 

Faults in a Concrete Mix and Remedial Maaaares 


Fault 

Bomfldy 

Mix too dry 

reduw quantitirt of OOir» “"I 

ftlio a|;(^gatC. 

Mix too wot 

Slightly imerMW quantities of coarso sod 
fins aggregate. 

Mixhxfxhftnd 
Isckiag plxstkiity 

Slightly inexsuB® quantity of rino and sJIghlly 
drenase quantity of eo*™* aggregate. 

Mix «zoe« 9 tvely pJai* 
tio KDCI '* 

Slightly deoreasp quantity of fine and d^ghtiy 
inctesse quantity of oswraa aggregate. _ 
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The limitiDg proportionfl of i^idos of vanotM bimb 
H iay be derived by any of the following oommon methods. 

Grading Linuts for Coarse Aggr^atea 




Fwcentage pasalng 

B3 Sievn 

Nominal autn of er«d«d aggregate 



H' to S/l«' 

1' to 3/10' 

r to 3/10' 

1 

1/1 

—in. 
—in. 

—in. 

—bi. 
k—in. 

06—LOO 

00—70 

10—39 

0—6 

100 

05—100 

iB—SB 

0—10 

100 

00—100 

40—80 

0—10 


B««»l on 



percento^ pMling 

B3 Sieve 

Nominal ln2« of aggregate aing^ aired 


2i' 

ir 

r 


r_ 

3—in. 

£4—'in. 

!|—in* 

J—in. 

1—in. 

J—in. 

3/18 in. 

No 7 

100 

as—100 
0—30 
0—5 

100 

85—100 
0—20 

0--3 

100 

as—ICO 

0 —so 
0—6 

lOO 

as—100 

0—45 

0—10 

lOO 

85—100 

0— fo 
0— 5 


rtquitflinmit of »Ba : 03 oT tbs um« ncnmud atzoa will Hjaform 
of tboM grtiding^ 

Fine Aggregates or Sand _ 


ES 3iev» 


NOk 7 
No. I* 

NOh 

No^ 53 
No. 100 


Feroonta^ paaoc^ 


Natural •and or 
cnutaed gravttl saiMl 


S5--10O 
70—SA 

£0—«0 

0—10 


Cnubfid atone 

f-HTK* 


00—100 
60—00 
40—00 
20—SO 
a—SO 
0—10 


Based OQ IS ; m B£S * SU. 
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The following conform 
B,S.S. No. 63 
(m) Gotn« AriTee»t«: 
t part* 

* » 

2 .» 

1 part 

fb) MBdlmm Aerrtfml* i 

fl parts 

2 

] part 

{c) ■•41pu Flnt AiptfAt* 

A parts 
I part 
I 


2|* 

ir 

f 

'p 

r 

!- 


to the Hnuta deftned in the 


For amaU quuititiM ] 

I: parti 2** 

11 P» i' 


Ffir tinaU quantic 

3 paitM. 1|' 


.. 

tdjr FiD« Bunsili; 
3 parts 
1 part 




For standard siiea of a^^gregatOi see table under "Selec¬ 
tion of Stone Metal'^ in Section 18* Sometimes Btandard 
aiae is taken as flO per cent passing the specifi^ him sieve 
and 95 per cent retained on the next Emaller siio sieve. 
Sand with above giadlngx; 

Whole pasedng i-in. sereen, not more than M p.c. 
passing a screen, not more than 80 p.c. passing a 
^-in. ecreen. 

AH-in Agipegatgi 


Nomimd nukximttni ■»» uf aJl-io agSEregSit* 


BS Sieve 

H 


Pcnentege 

psssing 

1 in. 

OS-'lOO 


1 Ln. 

40—70 

S 5—100 

»/ia—in. 

20 — 4 JS 

1 30—50 

Ha. 100 

0 c 

0—6 




ties 


AU-in aggregate for maximum size, small quanti- 


Psising laeah 
pBBsisiir 1' 


100 

dO-Sfi 


p.c. I 

p.o, i 


Passing mesh 
Pa^tif Nq, 100 sieve 


Coacae 
1 Fine 

} sMt. 




30*42 p. e, 

3 p. 

‘Kie term "aD-in aggregate” or "oomhiued aggregate^' 
is applied to a graded aggregate ooutainiug both ooftrse 
and fine roateriala in varying proportiona, 
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Kominal mic. 

Real mic. 

Field toil. 

U2.4. ’ 

l:5,t to 5,B 


]:3;fl 

li7.&5 to 7A 

] ;3| to 1: 7 

1;4£S 

lilDnS to lDv3 

1 l 4| to Bi : 9 


as is sometimes thought, the flanM) as a Itfi miXi. using 
“all-in'' aggregate. The equivalent of the 1]2;4 
tiODS would bo approilmately 1:5 when using all-in. 


aggregate. 

If combined (natural) a11-in aggregates ara avoilableH 
they need not bo separated into fine and coarse, but ne¬ 
cessary adjustment® may be mode m the grading by the 
addition of single-sized aggregates. All-in aggregate 
generally oontain fut excess of fines. 

Another method for derivation of optimum, propor¬ 
tions of mix ;— _ . 


B3 


pAsalng 


M&ximuin MW of aggregate 


Sieve 

S' 

ir 

r 

3—in. 

IDO 


—- 

11 — ^in. 

70—80 

too 

— 

1—in. 

55—70 

50—75 1 

100 

4 —in. 

40-^ 

30—00 

45—75 

S/Kb-.— in. 

2S—40 

24—47 

30—48 

Ifo, 7 

20—4 

18—38 

23—*2 

No. 14 

15—30 

12—30 

10—34 

No £S 

10—20 

7—23 

0—2: 

No 03 

3—IS 

3—15 

2—12 

No. 100 

0— 4 

0-^ 

0—5 


r 


too 
00—80 
40-^ 
30—to 

15—30' 

0—SO 

o-L 


Bxcept when otherwise provided for,, all percentages 
speciTied are by weight. 

Most gradings within the above range would be satifl- 
factory^ for many purposes although they should not be 
exmsidored &h ideal gradings- The proportioRS specified 
are for dry materials. 

A well graded aggregate of sand and stones should 
have voids between 20 at^ 30 per cent, and if mom, the 
mix needs re-grading. 
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DUftrent Methods of Froportlcnlng MUes 

(ij Proportioning bv 8 p«ific miies or 
atAndarda called tbe mix method, in which the propoitJoM 
of cement, sand and aggregate are spenfied, rtz^. 1 : If ■ 

1 - * 4 1 ■ 3 ^ ft etc. This ifl the dnipiwt aod nsBW 

for common works. The strength of the conc^te 
produced by thia method la vafiable and uncertain ana rt 
is not thus aaitable for important worke where high strenirta 
is rerjiiiied. Th» is also an unecomnnical method Iot 
largo works. The following mbt proportions are gener^ 
specified for variona typca of works 




l:l| 3 


l;3:* 


Typo of coD*tmrtiorp 


1:24 

1:4: 

1 , 6 : 

I 


:5 

0 


Water tanVs, lop of road *urfai?«.. pil«, fence 
cra-oait R. c. works and ether works whore deii» 
concrete for impenneabilrty or emtro strength !■ 
required. 

Normal R. C* works and for ordinary n^ 

moh ao in beams, cnlumrui^ wdli. road ilaba, 

Mana oOIvrmtO m fupemtmrtU^ 

bera^baseo of machinery, wall* below gmmid, footings, 
comnni oontret* blocks. 

Mam foundation*. Uan 

foundations MOontrollingfartof in f™nds 

besHng an* and not the aUnwahle stress m concreto. 


[iij Proportioning by muiimtun method. 

voids of coarse aggregate are asc#i^ed and a 
of fm« ,ggr*g.lo fa UKd «, « to bf oqu .1 to 

coarse aggregate plus 5 to 10 per cent e^m to alk> 
fine aggregate to wedge in between the coa^ 

The quantity of cement paste used is Mimlarly 

to the voids in the combined aggregate plus 10 ™ ■ 

One cwt. of cement is assumed to produce one cubio tt. oi 

cement paste. , « 

(ti^l Proportioning by trial It uas 

stated earlier that to produce the densest concrete me 
mixture ahoukl give the smallest volume for the same weiglil 
or the heaviest weight for the same voiume 
particular kind of aggregate. A boi is fiUed 
varying proportions of the ooarM ai^ fine 
slightly shaken. Tbe proportion which gives the heavwat 
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we%ht win prodi'ce the denae^ ooncrct^. Cement pule 
is then prepsiedi the quisntit^ of water being in aoeordanee 
with the water^oement ratio for the reqoim strength or 
the partiunlax mix. Mixed aggregaiee giving the heavieet 
weight (determined aa stated above) are then added until 
the cooaistenoy is suitable for the worh. 

(ip) By sieve analysis or Fineness Modnhia^ Tlie 
aggregates are separated by various s»yea into different 
sixes of partielea and mixed to the required proportiofiLa 
Certain values of Fineness Modulus for mixed aggregates 
and varying with the maximum size of aggregate have 
been accepted as giving the bast regalts. 


Hax. si» 
afa|^j[T»- 

porccntagS rstsin^d On u»b of nevai 

FiseneM 

Mcdnloi 

li' 

V 

i' 

t\' 

a' 

30—60 

50^0 

80—06 

too ; 

7.6—«.t 

1*' 


30—70 

70—00 

too 

7*0—7.6 

*- 

- 

— 

40^70 

too 

6.3—«.0 


b^ateve 

No. 

7 

U 

. 26 

62 

too 

Pmrae« 

ICodtzltu 

Pereent^ 

ag« 

retained 

0—16 

15^6 

40—70 

70—90 

96—100 

2.1—>.» 


Max t tire 
of all'Ld 
•ggregate 

Ke tuned 
cn<ievD of 
max I 
(per cent) 

Retsined 
on 6/16' 
«Eve 
(percent) 

Retained 
on J^o. loo 
*iev« 

(pfiTOBDt) 

FaaaiDf 
No. too 
sieve 
(per vent) 


Mex : a 

Max : 6 

40—60 
fiO—75 

30—50 

20—40 

Max f 10 
Max: 10 


Koughly 100 c.ft, ooarse aggregate mixed with requisite 
quantity of sand, cement and water produces llD to 120 
c.ft, of concrete plain with normal proporiioiis of mixes 
and 108 to 110 e.ft. ooncrete in foundation works {eon^ 
•oUdated} with lean mixes, 

a, METHODS OF CONSTBUCHON 
Sliilng and Placing 

Whether the concrete is mixed by hand or in a me- 
chaiiica] mixer, it should be thoroughlj mixed and the 
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coDCrtite dooed m ita fmaJ poatioo with the minimum of 
d«l»y^ After placini^ it sbodd be well oompacted by 
lidding, tAmpiP£ or vibrating, to remove aU air P™™ 
(vdidah Failure to do this can have very senom effo^ 
on the finUhed concrete* Presence of 6 per cent of ur von^ 
may reduce the atrcngth of concrete by 30 per cent and 
presence of 10 per cent of voids by ae much aa 60 per cent* 
BiMlly TOmpacled ooncrete ifl lihely to contun im- 
aightly pat^Jiee of houeyoombing or pproua concrete wtucn 
in turn may vrell lead to the corrosion of any cemioifce" 
ment used and to spalling of the facea* For a_™crcte 
of high quality good oompactjou is essential. Thifl may 
often mean extra work during placing but on no aoconnt 
should more water be added in order to reduce the work 


of compactmg. 

Hscblns Blilng 

l^rpw Uf Wxm, There art two mam types of machine 
mixers, and batch. Continuous miMis are 

need for works involving large masaea of mncr^, an 
produce a continuous flow of concrete. Batch mixers 
are the most commonly used and are of tvo mam tyj^: 
tilting, in which the drum tilts to discha^e iU 
non-^tUlijiig, which is empetjed by means of a chute. 
these mixers the required quantities of materials arc pla^ 
in a revolving drum which is completely discharged ettcr 
each mix; the drum is fitted with blades which turn over 
the materials. For normal works there is little to choow 
between the two above-said types of botch mixers. ^ 
simple method of eatimating the performanre of a n^J 
is to measure the uniformity of the concrete m a give 
mix by taking several samples from the diKhargcd con¬ 
crete and determining the proportion of each cons i uen 
in each eample* . 

Recent experiments have shown that the con 
produced by a non-tilting type mixer is more unilo^, 
but tfaetc ire many factors which affect the ® 

concrete produced. Most of the mixera are satjrfact^ 
wHh wetter mixes but difficulty arisefi fnr mixi^ d^ 
concrete and there is incomplete discharge and ™ / 
Crete produced is also non-unifonn and "f* 
as some mortar remains sticking with the blades of 
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mixer, this is especiall;* so with non-tilting mixers. Lean 
dr>’ mixes with large size of coarse aggregate are more 
difficult to mix uniformly than rich and more workable 
concretes. Sticking has a serious effect on the quality 
of the concrete. Some improvement with dry mixes can 
be obtained by introducing all the water into the mixer 
before the dry materials, or by hammering the mi.xer 
drum during the mixing and dii^harging operations. 

Sire of batch mixers is denot^ by two numbers, 
e.y., 6/3J, 7/5. The first indicates the drum capacity in 
cubic ft. for dry materials (mea.su red separately) and the 
second the approximate feet cube of concrete produced 
by that quantity of unmixed materials. Non-tilting 
mixers are made in sizes ranging from 5 c. ft. to 4 c. yds., 
and tilting drum mixers are made in still smaller sizes. 
Where aggregates are to be measured by volume the mixer 
should bo sufficiently large to take a whole bag mix so as 
to avoid the necessasity of measuring the cement which 
would make errors. Ihus the minimum size of a mixer 
for a 1:3:4 mix will be 10;7 and for a 1:3:6 mix a 
14/10 will be required. 

The quantity of material mixed should not exceed 
the rated capacity of the machine, which is not generally 
more than 60 per cent of gross volume of the drum. (If 
concrete is central mixed and only transported in truck 
mixers. 80 per cent of volume is mually allowed.) 

The coarse aggregate should be placed in the hoppsr 
first followed by sand and then cement. The drum should 
be revolving when it is charged. A small proportion of 
the water should be placed in the drum before the dry 
materials are admitted. This will prevent the aooumula* 
tion of cement paste around the blade roots. The red 
of the water ma be admitted simultaneously with the 
dry materials. There is no need for any dry mixing before 
the water is added. 

The concrete should be mixed until it is uniform in 
colour and consistence, bat for not less than to 2 
minutes. About 30 revolutions psr minute are generally 
considered sufficient. (Drum speeds vary with different 
makes of mixers, but are usually about 30 r. p.m. for a 7/6 
and decrease with increasing size of mixer to about 16 
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bhsfohcbd cement coschete 

I. p.m. for an 18/12.) WWer® the mhted 
ported in tmeke the mining time « ‘nereaW. 
wnerete should be mised than ^ ® 

initial set of the cement commenoes At each 
charge the drum ia Vfeahed with clean water wjueh '» ™“- 
pletriy removed along with any concrete if rcmaimog 
before patting In the nev' aggivgjatev i „„„ 

Hand-HlxlPE should be done on » f 'ST 

or a ivater^tight platform at least ^ 
square with strips faBteiicd along tbrM adca to 
the materials beh^ wsahed or shovelled off darmg^moingr 
(An additional 10 v^r cent eement over 
Bp^ied proportion shall be used when hand mmng i 8 

Workability and plasticity ^ 

increased by thorough miEiog. To obtam this ^betM^ 
teriala Bboukl be mixed for at l^^V^wo mmnt^ A r^gb 
test for good oonaiatency is to take handful of the concrete 
and squeeze it tightly in the hande if tbs mixture ia g»^ 
the aample will retain its shape when 
leased, and the anrface of the sample will be moists but 

not more than 4 c, ft. of 
should be miied at one time in one batch, but 
works w here organisation and superviHion ^ g 
quantity may be arceeded. Not more 
then can be miied in ten minutea, and placed in poailion 

before the initial wet of cement. . » i 4.-1 *k« 

Cement and sand ahoiM bo first mixed dry until the 

mixture is thoroughly blended and uniform m then 

aggregate added and whole turned over 3 timea ^y and 
then turned over 5 times wet and of 

the concrete is of a uniform colour, fileasurw ^1 . 

water should be added fiom a can fitted with a 
Placing of Conerato &’Pteparatlon of ^ 

CbticT^e should be placed and eompae^ 
po«ble after it has been mined with water a.^ l»to« 
initial ret of cement; a manimum tune-hmit of U houre 
ia allowed (and which may be 2 to 3 bou^ if . Hd-ttintf 
favourable) and it should not be disturbed 
of cement has eommenced. The concrete whi 


8/112 


int>ia?» paAcncAL cmi* EnonmBa" HAntiBooK: 


left orar may ha used if it can be ne-miied to a irorkabb 
conMfltency wthoQt the addition of more water, but if the 

miiod and plaoed it shoidd be 

Moijw or ooEicrete should not be re-miied with water 

after it 1^ partly art, eioept for patch repairs for which 
retempered mortar or concrete is better than f^h ma- 
tenabi as it adheres better. 

AH debm saw-dust, etc., should be removed from the 
^nttmng before any concrete is placed. Care shonM 
be takento see that the diottering is not likely to absorb 
water ftom the ooncrete miirture. On common works, 
the forms imraediately before placing the concrete. 

1 ne terms can also be given a coat of crude oil or grease 
thmn^ with paraffin, or soft soap and water* or whitewash, 
m Older to prevent sdhefflon of concrete. Oiling should 
be done eomehme before the remforeement is placed m 
order to prevent greasing the steel, mere it is intended to 
plualer the concrete, oD or grease should not be n«d as it 
prevents the adhesion of plaster, 

^b-grede ia diy and absorbent, where 
concrete is to be deposited, it should be covered with a 
t water-proor paper or similar material to prevent 
loss of water from the concrete. 

should te placed in even layers each of which 
he compacted before the neirt !h placed The 
ttiickueas of layers is generaPy S-iu, to I2.iii. for reinforced 
worki^ up to 18-in. for mass concrete. 

The layera are to follow in quick successions to prevent 
my distinct joint between them and each layer shoold be 
placed before the previous one has set. As each sucoeasive 
yvr is laid, the "taitance” film and the layers of porous 
concrete immediately below it must be removed before 
plamng the new concrete. Chre is to be taken not to dk- 
turb the partially act concrete. 

Conveying Concrete. When handling, transrporting or 
depositing concrete, care shonH be taken that the particles 
u concrete segregates during transit 

It sb^H be re^miied before being plac^. Concrete should 
not be thrown from a height when brengbt in baskets and 
when dumped or dropped from a chote the direction of 
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ita ahoold be vertical. 

When concrete has to be lowered any depth below 
6 ft. it should be conveyed in suitable receptacles or by 
chuting. Where chutes are used the slope of the chute 
should be so adjusted that the concrete moves without 
segregation of the materials ; and mixture has also to 1 m 
sufficiently plastic which can travel at a speed that will 
keep the chute clean. A slope not flatter than 1 : 3 nor 
steeper than 1 : 2 is generally conndered suitable. The 
trou^ of the chutes should bo flushed with water before 
st mI after each working period. The delivery end of the 
chute should be as close as possible to the point of deporit. 
Where the concrete has to be deposited at a higher level, 
thu> is done under air juessure by mecha ni cal means. 

The ribs of L-beams and T>beams shall normally be 
concreted together with the floor slab of which they form 
a part. Where however, the shear reinforcement provided 
is sufficient to prevent any risk of shear failure at the joint, 
the slab may be cast within a period of two days after the 
raurting of the rib. Two hours shall elapse after depcMting 
of concrete in columns of walls before the depositing of 
concrete in beams, or girders of slabs supported thereon. 
Depositing Conerets Under Water 

Under water placing of concrete is confined geiMraDy 
to miuM unreinforoed works. Whilst concrete will set 
•Jid harden under water its placing presents several pro¬ 
blems, the most difficult is the prevention of s^regation 
and loss of cement. Consideration should always bo ^ven 
to the possibility of nwmg pre-cast blocks for the whole of 
the work or as permanent formwork; formwork is difficult 
to |daoe aocun^y. 

Where the concrete has to be deposited under water, 
one of the two courses may be adopted, either the space 
where the concrete is to be deposited be enclosed and water 
excluded temporarily, or the concrete may bo placed dir¬ 
ectly in the water using one of the following methods 

Tremle is a water-tight steel pipe stroi^ enough to 
withstand the wrater pressure, of 6 ins. to 12 ins. diameter 
sj>d of sufficient length to permit the lower end reaching 
the bottom of the space while the upper end is above^ the 
water leveL The upper end of the tremie is fitted with a 


8/114 nnJIAjr FRACTICAL CTTIL ENClt^EHS' HAJitlROOE 

hopper large enougK to hold one entire bateh of the mu 
poured in at one time* The lower end of the tremie h 
either equipped ’B'ith an automatic efaede valve or the upper 
end of the pipe Lh plugged litith a wadding of guany sac^g 
or aome such material. When the concrete is ^ured in 
through the hopper the plug is forced down displacing air 
and water from the pipe. As concreting |HOCoeda the 
tremic is gradurilly ralied* the lower end however is kept 
atibmerged in the plastic concrete all the time while the 
concrete m being poured. It Ik CMsential that the bottom 
seal l>e kept unbroken whilst concrete is being placed, if 
it la broken there is a danger of ceniEnt being washed out 
of the concrete* 

Bottom Opening bucket or skip* This Ls a speeiaHy 
made bucket of which the bottom opens downward and 
outw'ard W'hcn it is low'ered down and tipped. The bucket 
» u-sed for dumping down the concrete on the surface 
where it is to be deposited « ft is essential that the bucket 
be low‘ierBd on to the bottom or working face before the 
bottom dofira arc opened, m a.N to reduce to the miniin uin 
the depth of water through W'hich concrete has to paas. 
St>oie loss of cement is inevitable with this method of 
placing, and the cement otmtent of the mijc must therefore 
be rather higher than that actually required for structural 
purposes. T}ry ingredieiits should not be dumped into 
water nor euncrete should bo let to fall through w^ater 
from any heiglit* The water under which concrete i& laid 
should l>e quite still. No tamping or ramming shall be 
done Until the concrete surface risen above the water 
level. 

The TiiUtnre aheudd hsve 10 to 30 p. c. extra eement 
than usual and a i^lump of not less than 4* and not more 
than 7'. The inerredients should Tiifst be mixed dry and 
just sijfTicient qimntity of water added so as to enable the 
mixture to be made into a ball w^ithout giving out water on 
squeesing* 

Instead of buckets gunry bags can also be used which 
are filled with concrete and lowered down in water and 
opened at the bottom without disturbing the water. The 
laying should be started from one side and proceeded till 
ail the surraoe is uniformly covered. 
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By tugs. Old cement jute bagB fire u^ed filled about 
two-thirds with concrete r open ends are securely tied or, 
better eewii» to make the bags square ended. These 
bags are depoatted under water in altemAte headers 
and stietchera course?? so that all the bags are interlocked 
to fonu into one solid mass. Bags should be built in 
Iwtid with the Tuoulh of the bag away from the outside 
surface^ Courses of bags may be held together by 
driving ateel spikes through them after placing. In deep 
waters services of a diver may be necessftiy' for a more 
Satisfactory work. 

Grouting method abo useful for under-water works. 
Cement-sand grout is heavier than w'ater, having specific 
gravity of just oi'er 2. The grout has a colloidal form 
repugnant to water and it displaces water without getting 
mixed with it^ tracking of tho dry aggregates within the 
shuttering is done first and a rich ocment-sanri grout 
(1:1 or 1 : IJ) is poured thmogh pipes already placed 
in the aggregate. As the grout ia poured at the bottom 
and rise*, up, the water gets displaosd. (See also under 
"Colcrcte*‘)* 

FORMWORK 

Shattering, centering and falsework are synonymous 
terms in common use. 

The formwork must be at rung and rqpdly ll)raced n hicK 
will not bulge or sag w-hen cooerete is placed and it must bo 
80 constructed which can be eauily diajnautled without 
causing damage to the concrete or disturbing the remainder 
parts. If mechanical ribratori are to be used then bolts 
must be used in place of wire ties or nails and niciuljera 
strengthened to TMiat additirMial stress. The joints of 
the formwork must be auTficienlly tight to prevent ioss of 
liquid from the concrete^ As far as possible, formwork 
ahould be starMlardizcd w^hich will permit the re-use of 
aectiona without alteration. 

Half-seasoned soft-wood is considered best for form¬ 
work. Very dry timber will absorb irioieture from wet 
concrete ard swell white green titnber will shritik. Hard¬ 
wood is expensive, heavy and difficult to work and nml. 
Where appearance of the finished concrete is of no im¬ 
portance^ clean sawn timber may be uaed^ and if a amooth 
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finiahed fftoe ift deairedt wrought bourdlng aldHiid be 
Bpecif i«du V^liere a f«ir finieh face m desired nnder a iwf 
aubi the upper ?uH&oe <jf th* supporte may be oorered 
with oiled soft building board or other water repellaat 
packing roateriaii, oiled paper ie not suitable. 

loads for dekgu of formwork are : (a) weighl of the 
wet concreteT (b)Jive load due to men workbgt Im¬ 
pact, etc. The w'eight of wet cononte k taken at 144 Ibe. 
per o. ft., or 12 [be. per inch thickaea per eq. ft* 'Ihe 
fa ^xiipnm lire load is normally taken at 7& Ihe. per eq. 
AQovable bending Btrma (fkacuiaJ tensile etme) in soft 
timbers may be taken 120Q Iba. per eq. in. Poets over 
8 ft. In height should be braned both waja at centre, 5p^ 
of beam bottoniB should be supported at 8 to 4 ft, aocorning 
to depth of the beam, 

Steel forms have many advautagea over tim^r forma : 
Hey can be easilj and rapidly assembled and dismautl^ l 
are uon-absorbent \ them k no ehriukage Or distortion 
due to change in moisturo content. Steel forma'haTe long 
life if gofsl fOBUitensnoe is g^ven, they osn be oaed np to 
about 50 times before repair tieoomes neOBBsary whereas 
timber formwork caimot normaJly be leneed more than 
four or five timea. 

Steel forms may be of steel sheete 16 gauge, or pre¬ 
ferably 14 gauge thickness, etiffeued with angles etc, 
CompacilDg Concrete 

The purpoen of oompaotiun is to expel aa much as 
poBsibb air bubbles in the concrete mass entrapped dmw 
suxing. It haa been ehown earlier how the streuf^ of a 
concrete is reduced by the presenco of air-voida ; 
sre nut ueoesaarily large and obvioua, but may conasl <n 
many small bolea, Counrete will only develop its fuh 
strength if it is thoroughly compacted; fuD oompactioa » 
«eutul not only for strength but also for irapermaabi- 
lity. If fuU precantionu are taken a oonerete will be for 
an practical purpoaes water-tight although not neceesanly 
damp-proof. Thorough compaction can only be achieved 
by the correct proportioning of the mix lU relation to the 
metbod of compaction to be employed, Orer-oompac- 
tion is also etpially bad as it wiU cause segregatiom In 
aU Cases compaction abouM ceaw whea cemsit paste 
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(ecnm) atartfi to appfeUf on tb^ up^ surfw* of tho wncwte^ 
all acanv or laitanoe formed ahoaJd bo cemmred. Comp^ 
tion mij bo csrtittl out by hand or by medwnical vib- 

ratore. • t. jj' 

Hand Comp^tlon is caniod out by cithor: foaooijg* 
tam pirtg, bammoring on the oataidfl of the rnouUto or 
ahutloring* or renaming* Rodding oonsiata of loasrtang » 
bar (may bo a pieoe of reinforoi'ng rod} TerticSilly into tbe 
concrete end moving it up and ciowii until the concrete 
u thoroughly irorkod into plaoo. 

Specinl cere ibould be taken to boo that ooncroto ia 
workedvcU intoafl comers, cavitioii and armiud raafoice* 
ment: also in rammiog artMind rods to prevent distorwn. 
Slabs dionld be tamped with a HoaU wooden mallot ot 
ft Umping rule which wiU also BOrve for finiabrng of t^ 
concrete. Heavy mossaa of nnreinforood oonorete ahouid 
bo rammed with a rammer* Cement concrete ia Mt 
rammed heavily but ie thumped alowly,^ espBcinUy thm 
iioctioiia. The oonente ahouid be placed in layers of such 
thlchneai aa will enable proper eoneolidation to be done, 
and it shall not be droppetl &om anch a height aa to oanse 
segregation. . 

Tn filling columns, the eoncreto should b* poured uite 
the moulds in three inch layers and oonstantly tamp^ 
and puddled with a rod to expel air bobblea, Tlw work 
must not stop until the coluinn has been oomplcted. 

The steel remforosmmat ahouid be properly braced 
ported, or otherwise heki in position so tbatliho placing of the 
concrete win not cluuigo it. All b«s protruding Erem piern, 
colnmns, beams, slab, cto., to wbidi other bare and concrete 
are to added later, abould be protected with a coat ^ 
thin neat cement grout if the ban are not likely tjo ™ 
inoorporatad into the sncceeding mass of concrete witbiu 
the following 10 days. 


Trowelling the surface wiU improve watcr-tightMie 
of dry mixes but will have tittle effect on wot nuxeSv ^ F 
compacting dry concrete the surface is rammed with 
heavy flat-bottemied rammer untQ a thin fQm of mofter 
paste appears at the surface, showing that the voids 
thg aggregate have been fiUecL 


s ' s's 
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Too much trowelling while the concrete u still plss^ 
should be avoided as the cement and other fine mate^ 
will be brought to the surface and dusting and cracking 
will result. Only sufficient trowelling should be given to 
provide an even sxirface. When the concrete has taken 
ite initial set it may be trowelled again to produce a hard, 
•dense, smooth surface. Sprinkling dry cement on newly 
laid concrete to take up surface water should bo disoour- 
aged. Such cement forms a rich layer of fine mate^ 
on the siirfaoe and may result in the formation of cracks 
and dust. 

Compaction by Mechanical Vibrations 

Compaction by vibrations permits the use of loss eater 
which gives higher strength, and coarser gradings, with a 
consequent reduction in required cement content. A 
larger proportion of coarse and a smaller proportion of fine 
aggregates can be used giving less shrinkage and more 
stren^. Mechanical compaction gives a saving of a^ut 
15 per cent of cement to produce a concrete of given 
strength. Concretes which are so wet and plastic as can 
be compacted by hand (6 ins. or more slump) should not be 
vibrated; the concrete should only be just wet enough 
to ball in the land when squeexed. If a wet concrete mix 
is vibrated, the heavier particles sink to the bottom and 
liquid comes on the top; concrete should bo as dry as 
is practicable without segregation. 

There are various forms of vibrating equipment to 
meet the needs of different types of woA. Vibrators 
are classified into four groups : (i) Internal, (ti) Extew, 
(«ii) Table, and (ic) Surface. Internal or immersion ty^ 
vibrators are the most efficient for general work and 
be used whenever conditions permit. The flexible handw 
types are suHablo for general building works and the ngid 
typo for massive structures. Vibrating heads 
able in many sixes, thoeo of small diameter are uw lOJ 
doeely reinforced work and thin sections and thos^x 
large diameter for mass concrete and heavy sectiona with 

open reinforcement. j ^ 

External vibrators are clamped to the for^ and are 
useful for awkward comers or very thin sections where 
an internal vibrator cannot be used. Table vibrators 
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are used for pro-cast imits; their use is generally restricted 
to factory mannfactiired articles. Surface vibrators are 
used for road work or for mass concrete. Small vibrators 
are also attadied to wooden tamping rules. 

The minimum frequency of vibration for effective 
compaction is about 3,600 r. p.m.; the higher the fre¬ 
quency of vibration the shorter the time required for full 
compaction. Over-vibration causes segregation and 
vibration should be stopped when scum appears on the 
surface. 

Surface Finishes 

To obtain an even surface on walls after the form-work 
has been removed a cement wash can be brushed into 
the surface in two coats. The cement wash may consist 
of equal parts of cement and 6ne sand made into the consis¬ 
tency of a stiff oil paint. The area to be coated should be 
thoroughly wetted wfore the wash is brushed on. This coat 
diould be nibbed in with a wooden float. A better ap¬ 
pearance is obtained if the wash is rubbed in with a car- 
borundinn stone. The finished surface should be sprinkled 
with water two or three times a day for three days, for 
if the wash dries before it has attaint its set it may dust 
off. 

Rubbed Finish. As soon as the forms have been re¬ 
moved the surface should be thoroughly wetted and then 
rubbed with No. 20 carborundum stone using plenty of 
water. The rubbing will remove board marks. Rubbed 
surface should be washed clean and small voids filled with 
cement mortar 1 :2. The first mb should be applied 
while the concrete is still green, preferably 24 hours after 
placement; the longer the robbing is delayed, the more 
difficult the process will be. If however, the work has 
been delayed and the surface hardened, a cement wash 
should be used of plain water. The second rub 

should be applied at the end of about a month's time with 
No. 24 carborundum stone, using plenty of clean water, 
which is followed by brushing and washing. 

A plain smooth surface may be obtained by the use 
of planed boarding of good quality wiUi tight fitting and 
and preferably tongoea and grooved joints or by nning 
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the fonawovli with thm flhMt metal or pljwood. When 
neoeawy^ joasits may be filled with pjaater ot day. 

Oemffil wadli, llie eunplest form of eoncnte paint 
ia a eenHut woali wiiich is a almry made ap of simply 
eetnent and water and applied with a white^waah hrash. 
Tim does not stick on for long thoit^ it may be improved 
by the additioa of fmc fiand. The foUowing metbodb 
win, howevaTp impcon the adhering qualities of a oement 
waah :— 

(«) C^hment *tmI gldEed lime mixed into eqDal pro- 
porU^. 

(«] 1 put cement, 1 pert send, and & per cent of 

bydrat^ lime by weight of cement. 

(m} 11 lbs. of calchun chloridfi in five galkina of 

mixing water. Calcium chloride afaeorbe moistare from 
the air and keeps the oemeot damp. 

(tir]t 3 Ibe. of oommon ealt per bag of oement in the 
mudng water wiD abo give umo improvement. 

There art a vuriety of propriotajy concrete (or oemfintli 
paints avaitablfl in varioos range of colours, and which sre 
abo waterproof, and give eioeUent rceolta. Before apply* 
ing any form of oement waah cr peint, the ooncreto snr* 
face moat be clean arwl free from any oil, greiM, dust w 
loose material and be well wetted. Otutng ia eaacntia) 
to ensnre complete hydration of the oement baae. Hazui* 
factortr's Inatmctaotui shotild be obeu vud« 

Aiehlteeturil Sortkee Flobbee 

Very pleasing eOecta may bo obtained by the use of 
linii^ of wall-board, plywood or hwiaa doth. Monld- 
ings and decorative features may bo produced by fixii^ 
appropriate inaciB in the shuttering. Where heaaian is 
Used it should bo of a vary coarse texture as otherwiao 
tbs weave pattern will not be reproduced. It should be 
well stretched and turced over the edges of ehuttoring. 

Exposed agtyegttd surfaoe finish can bo obtained 
by removing the outer film of ceauent from (be concrete 
to expose the ag gr egate by one of the foDowing methods. 
Best iwdts are obtaiwd by the use of rouodnl aggregate 
of siie l-icL to t'U^ 
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(i) Where the ehuttfiring can be lemowd wit^ 
48 bouTB of eoncretlog^ the bur&ce may be stnibbed ’with 
etiff 0bre or wire bmebes and water. Care mast be fahm 
that the ccacrete is euffidently hard to preTfint the dia- 
lodging of whole pieeee of aggregate. _ 

(») Applying copiouB washtoga of a aolutioQ of 
1 part bydrochlorio acid ’to 8 parta of water (or a strong^ 
Bomtion if tbia i» not effective). The work » then scanb' 
bed with atiff broahea and waahed down ’with dew 
’water. Ptecantiona must be taken against the add 
solution, ^us treatment ahould not be appled to oon-' 
Crete made with a limeetone a^regat*. (Sw alao under 
‘^Concrete Roada^'.) 

(ill) Retarding agents arts available which are hqyid 
er jelly-like oomponoda which have tho effect of retarding 
the setting of cement with which they are in oontad. 
The formwork ia coaled with a retarding agerit, and while 
the hulk of concrete bardena normaliyi the duterskm 
which ifl in contact ’with the coated formwork doea not. 
On reinaval of the fomiB, the outer cement film can be 
broBhed off and aggregate eipoaed. 

A wide variety of f tniflhee may he obtained on 
mete surfaoee ’with cement mortar which may eonaiat of 
either 1 part cement and 3 parte sand, or 1 cement, 
H parts lime and 6 parts simd. After application it cw 
be figured by the use of combe^ trowela or epeend tows 
to produce ornamental finishea. If mortar i» forcibly 
dabbed on the f^ncreta with a hand hmah it will pro¬ 
duce a rough pleasing appearance. 

A wet ptastio mix of 3 parts oement, 1 part lime, ft 
parte sand, and 4 parts of i^in. to ^-in. Bbiogle or crOBhed 
stone which is thrown on to the w^ by meaJiis of a scoop 
or plasterer^a trowel. This is called corf. 

A f-in. coat of 1 part cement, 1 part time and 5 parts 
Band upon which, while it is still soft, is thrown J-in to 
J-in. selected ahingle which has been well washed. This 
^ called peUie-dfuA. 

Water-procEtng Conewta 

A badly made concrete cannot he made impermcMle 
to the penetration of water hy any admixtures. The first 
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requisite thereforCj ia to obtain a denao ooncntfl with 
well proportioned non-poroue segregates and with low 
water-cement ratio so as to have a mininiu.[n of air volda 
Methods of imkiog good concrete aa detailed in the pre^ 
ceding para^pha must invariably be followed. It is 
often boneficiAl to use a slightly excessive proportioii of 
fines. A amall increase In cement content over that naod 
for ordinary concrete ia also advantageous. The follow* 
ijig methoda can be used for further wster^proofing— 

(a) Concrete and mansonry aurfseea be nv*d * 
waterproof by giving three alternate coa a of aJnm an d 
soap solutions. 1} okb. of aJunt is dissolved in one gaHou 
of hot water, and 0 oes. soap ia diffiolved in one gaUon 
of hot water. The hot alum solution ia applied first ftnd 
Worked in with a stiff brush immediately followed by 
hot aoap solution. The eolutiona are applied with an 
interval of about 24 hours between alternate eoata. 

Recent experiiaente have indicated that a cement 
plaster (even 1 :6) can he made water-proof by mixing 
the cement mortar tn a 1 per cent soap solutton matead of 
ordinary water. "Sunlight” soap waa used in the experi¬ 
ment. 

Soap solutions act as lubncsnta and abo form in¬ 
soluble fillers by reaction with oem'mt *nd may be applied 
while the concrete ia stiU green. 

Walls can be e0ectively treated againat moisture 
penetration by these methods. 

(h) Addition of fuDy slaked (hydrated) white tiTne 
in the following proportions will alw make the concrete 
water*prciQf. Ome paste occupies about twice the bulk of 
paste made with equal wei^t of oetnent and is therefore 
very efficient in void filling; but the mixture must be 
of dense concrete. 

1:2:4 concrete-10% of the we^t of dry cemenk. 

„ -16% 

The addition of hydrated lime increases workability 
but it is nevertheless an adulteraat mvI where Htrength 
is a primary consideration the use of a higher cement con¬ 
tent should be preferred for increasing workability and 
achieving impermeability. (Some of t)ie experimente 
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have ahown that adcUtion of a amaU qwanLity of 
lima aUffhtly increases the atrength of a concrete, bnt 
there are oonnicting Tiews about this pomt) incioa^ of 
workability permits a alight reduction m water-content, 
which, in turn reduces pefrmwbiUty 
Rendering with mortar confliatiug of 
lime and sand in the proportions 1 :10, i 

also make the concrete waterproof, (See alao Section 
under "Mortara") 

(cj The form*work should be removed as ^n u pm^ 
tioable and the concrete surface nibbed smooth and wasn- 
ed. A mixture of cement and sand of propof^na 1 ; U 
with some watciprooflnB compound should be workea 
into the porea and over the whole aurW in such a 
that no more material is left on the concrete face than is 
necessary to fill the pores completely. 

id) Concrete floors may be treated dunng ooncretmg 
operation with dry cement eprinkled over the 
and workfd in w ith a steel trowel on the imtial set of the 
ooncrete. (See under “Concrete Flwna -) 

(e) As regards surface application of a witer-prool« 
the method depends on the quaHty of the wucre^ U 
pores are verj- small. sUl or fine oUy may fill them. 15oi^ 
linseed oil, paraffin, or vamish, can bo bmah^ on 
surface when the concrete has been well cured and da» 
dried. Two or three coats may be applied allowing ftaoft_ 
to dry before the next application, A ooat or two of 
bitumen or coal tar make the sorfoce impKineabie 
water ; concrete must bo perfectly dry •rid dnrt f™ , a 
thin priminE coat (of hitummous material) abouW 
given to ensure bond, 10 to 12 galla, per 100 sq. ft, of 
bitumen are required. 

(/) Bitnramous Maatiea are geaeraUy laid on hori- 
xonM surfaces and alao trowelled on vertical enrtacea. 
They are need either hot of cold. 

(An asphalt lining has the disadvantage that it insalati 
« the floor from the beneficial effecla of aaturatinn, miw 
Increasing the tendency to develop cracks, the MphaJt 
la liable to fail uUimatoiy over such ctMta and cons- 
traction joints—rouiarks for water reservoir floor®,) 
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(s) PropricUiy eompoiindj) such Pudia, Medusa^ 
Carwit Or Xronito are usfd ac^oording to the iDtunifacttirea* 
iiLatraclions, 

Inart iDaterials tued include finely divided chalk. 
Fuller's earth and talo, all of which consist of very fine 
parti^s^ They assist in making the concreta dense^ 
especially if the aggregate is deficient in finos, 

(A) Treatment with sOicate of eodav {Describeii 
under Treatment of Poroue Concrete,) 

(0 ^ pound of washing soda dissolved in three 
gahona of mudng water will make a cement mortar water* 
pppoi^ 

Cold Weather Conenitog 

Aa has been discussed earlier^ the rate of bardeniag 
of concrete ia very much retarded when the temperature 
faUs. In addition to the slowing down or etopping of hydra¬ 
tion and hardening there is also danger of diamtegration 
of onset concrete due to the dlsmptive effect aet up by the 
expansion of the mixing water aa it freezes. 

Many epecificntiona require thst concreting bo dis' 
rantinurd when the temperature falls below 38* F. (Use 
muuerKton thermometer inserted in concrete near forma of 
surface for recording temperature.) If however, the work 
M of nrgem^ or importance that £t must be coutumed, 
it can be carried oot with complete succsess provided oertain 
precautions are taken. 

Fresh concrete must not bo allowed to freeze before 
it has fully hardened. Most convenient method to adopt 
for prot^ting exterior concrete work is to ose hot water 
for mixing. The temperature of the water should be 
about 14(r F. On no account ahoold the hot water be 
added to the cement alone. Aggregates also be 
beated to 70“ F. before mixiag. The temperature of wet 
concrete as mixed ahould however* be not more than 1(K)^ F. 
when normal' or rapid bardning cement is nsai or 85*F, when 
high alumina cement is used. lAixer drum may also be 
wanned. Ocment should not be heated. 

An inerease of cement ooutent of the mix by about 20 
to 25 per cent, use of rapid hardening cement with an 
admixture of calcium chloride or high alumina cement art 
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cjsmewt oonc»»t» 

rnnuJlT re«»iii.*i>ded. With h^ »l™h» 

cteting CM. proceed mthoqt my further _pre»ut.0M 
ded thftt the teropMetaro i» not et freeang pomt or beh) 
tod the mateiak are not fiOKm. 

"Acceleratort;"' are need in 
theatoof hKdening end there^ reduce the 
fidlore. They Mceternt* the hytotum of the ™ 

iDcieaee the rote of oTOtation of heot; thus the 
of the conaeto ie leieed end the 6^g^t 
«t« ie lowered, enebling concretma to^ 
the ail temperature k near or eHghUy bebw freezing po 

CuWuw cMorid^ ta the moat commonly 
to acrelerute henboing of the ooocreto and ^ ™ 

moat reliahk. The usual papoportioo is not 
of cikkium chloride per cwt. of cement 1 
This will give setisfimW TtsuXia provided the 
does not faU bdow 23== T. In no ^i^amatancefl abo^ 
chemical he added to hi^ S 

chloride is a white deliquescent 
comtnemally avaikhk. (and may be 

Imperial ChemicaJ Industries) at k>w ooat m a ^ ot 
granular form and dcUvered m 
drtight drumsj and should be storedjn a dry p . 
dissolved in the miainE vater to which oement i» ad^ 
afterw ards, Caldum chloride should not be placed m oonUot 

with water or mixed dry with aggr^te. Lalmw tb* 

The use of calemm chloride 
eetting timej the concrete must be pla^ m 
f ini^^ with the mmimnm of delay because of the rapui 

setting. 

Common 9 (tU [sodium dthrids) loweia 
point by about 1.5= F. for each per rent salt add^ to toe 
5at«. For temperature below 32“ R dsesolre 1 lb. of 
in 18 gallona of w atcr; add 3 oz* salt for each 3 deg. below 
32“F. Larger percentages of salt appear to we^wi the 
concrete. Salt over 5 p. c* by weight of rement is 
as it not only affects the strength of the 
may cause rusting of the reinforccnient and 
Bcenre. Much d^ndenoe should not be plac^ on salt 
for prevention of freezing- Salt* should be thoroug J 
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dissolved- or tho results ■will not be sAtisfoctory. 

It has beoo shown ftfixlier th&t he&t Is ^nemted during 
tho hydrortion and setting of cement and the rate of harden^ 
mg la aecelerated by increased heat generation. Whether 
or not steps are taken to increase heat generated {by 
thfi C|B 9 of OfiniCTltp tise of rapid hanie nirtg or h^h 
&lii£DinA o&ni'Bnt op Acccl^mtarsjip action must betaken to 
concrete freezu^ for at least two days^ and to 
muumixe heat loss.. Timber formwork is a valuable in¬ 
sulating agent and shotild be used in cokJ weather The 
conmta must be kept warm after it has been placed and 
until it has hardened. Heat losses from eoncrote ars 
greater m the first few honra, therefore protective methods 
must be applied as soon as possible after placing. Suit¬ 
able metheds of protection are wrapping or covering the 
Concrete with dry hessian or sacking, straw' blankets, old 
paper cement bags, tarpaulins or a e-in, layer of ^ 
straw. If timber formweric is used it should be left in 
position as long as possible. Since the rate of hardening 
of ooneiete will be slower in cold weather, formwork will 
nave to be left in position somewhat longer* Before any 
formwork is stripped it must be made certain that concrete 
baa hardened sufficiently. Precautions must be taken 
against coverings being displaced by wind. 

Reinforcement that is foft protruding from the con¬ 
crete constitutes a danger spo-t aihee it offers an easy path 
for heat It should therefore be wrapped. 

St^in is sometimes naed for heating the concrete^ 
which is introduced between the coverfocs and the con- 
crotc. 

CUHIHG OF COirCRFTK 

Efleets of Caitng When water is added to cement 
chemical reactiona take place (hydration of cement) which 
result in the setting and hardening of cement. Hiring 
water is nnially Bufficient for the initial hydration of 
oeiuent, If^ fioweverj there is iiurufficient water in the 
OTOcrete during the setting period for the complete hydra- 
tS” of the the concrete does not develop strength, 

^e ^rength of concrete inenaaes with age provided mois- 
turo IS present though at a much lower rote after a certain 
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period. It is gonerBlly beliorod that cement ke^ <m 
hardening for at least one year. When concrete is 1^. 
ito water content is rapidly lost if suftK^t precauUons 
are not taken, by evaporation occasioned by the action m 
son and wind and the heat generated during setting of 
cement. The prevention of such loss of water from con¬ 
crete during iU early life is known as curing, (^ncrete 
must be kept moist until it has roahed a required strength; 
this is of particular importance during the early life of 
the concrete. 

The stitsngth of concrete is only 50 per cent if it is not 
damp cured, of the strength if it is damp cured for 14 dajj 
whilst the strength is 25 per cent more if curing is coott- 
nued for about a month. 

Strength of Ordinary Portland C^fnent ConertU at 
VarUma Agea :—(Approx.) 


3 days 
7 days 
28 days 

Strength 

( 1:2 

Age 


20 % 

46 % 

60% 

of Rapid-Hardening 
;4 mix.) 


3 months 85% 

6 months 95% 

1 year 100% 

Cement Concrete 


24 hours 

2 days 

3 dajrs 
7 days 

28 days 
12 months 


2000 lbe./8q. in. 

3000 

3800 

5300 .> 

6810 
7500 


Strength of High Alumina Cement Concrete:— 
(1*.2:4 mix.) 


Age 


7 hours 
12 hours 
24 hours 
3 days 


3700 Ibs./8q. in. 

7000 

7400 

7680 


Climatic conditions and the type of cement u^ ^ 
affect the curing practice. 

slowly at low temperatures than at high; higher tempera- 
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torei m more foTooreble for curing, DoEing hot 
or iiigb Winds is npid drying of w&tor bxmI it iM^da 
djyiDg will lOw prodaoe Ahrinkage 

Curing Bbould be begun aa soon oa pqwsTble after oon- 
mte la placed and when initial ret haa cwcmed and before 
it haa hardened] and ahontd be oontintLed for a Tn inii pTim 
p*ram of 7 to 10 dayH when normal Portland cement » 
^ when rapid hardening cement ia ared* 

ahonld be kept thorough^ wet for 24 hoars when higfa 
alumina cment ia ured. The oold wsather rednwa the 
rat* of b^ea^g even if the concrete doea not actually 
; the minimum curing period should be increased to 
with normal Portland cement and 7 days with rapid 
rwnmg o?iTi«it. If concrete ia fronen, setting and 
herde^g After placing the concrete should be 

^lotectcd during the first stages of hardening from harm- 
mi effects of sunshine, drying by winds and cold, and 
from rumung water on its surface. 

_ Hfthodi of Ctiring. Evaporation of miiing water 
^l^rgely prevented by forms which should therefore be 
in place as long as poasible, and in hot weather should 
be ^odically sprayed with water. Where timber form* 
woA IS used care must be taben that water ia not loafc by 
abrerption from the <^nciete itself. This can he done by 
** inside of forma with mould oil or by well 

wettmg them before concreting. Sub-grades (of roa^) 
and fomidatioM should also be wetted. Where forma 
have to be stripped before the curing period is complete, 
other methods of curing,, ae detailed below, will have to 
be adopted. If surface finish is important then the method 
adopted for coring must be such as will not cauH it to be 
damaged. Soon after the concrete is placed it should he 
lP«>t«ted froin the direct rays of the sun by covering with 
hanging curtaina on vertical surfaces or by screens mounted 
-j sarfacea. Screens should be fitted 

v^h aide and cod flaps so as to prevent wind blowing 
^er them and must be secured against blowing away* 
hen the ooncrete has bardeoed sufftcientty, a few houra 
liAmjige. any of tbo following methods 
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(i) Covering with gunny h^bn, omt 

trtmdlea of straw, 2 to Scinch layer of fffLS 

Mrth, or other moist retaining nuiten^ and keepig 
materials constantly moist by watering. It ibonW ^ 
noted that many earths and loamy oanda wiU cmirt dii- 

oolonration of (jonerete. j 

fill Ponding.—Small earthen momwa am maito m 
Bqnam over the entim are*, and standing waterto a deptJk 
3 one to two incbm. This is probably the mort eommon 

method for flat surfacea. __ «*„ra. 

(ill) Spraying with water. ContinnOM 
tton by sprays w wet fabric is preferred to intermittent 

wwbskling by band. Spraying water 

witSn ^ firet few hours after concreting sboold be avoid. 

(ini Verticai BnrfBces present some diffifinltiea. In 
smne oaacs it may be poesible to spray the «m^te frt» 
dkally with water. Where tbia cannot be done, largp 
vertical rorfaces may be coveted with 

tarpaulin or wetted beseUru CdumM and ^aU membOT 

are best cured by wrapping loond them wet 

sian and sprinkling water oontinuoiialy ftom a pertcjraM 

idpe placed on the top horiiontel pcmbojv ^ 

pats fob of water on th^ tops with a pm-bole at^e bottom, 

Ki vertical surfiusea eee that the wet febrio la kept ™ 

tact with concrete. When curing in done m a tanlt fol 

precast membom) water should be changed frequently. 

There am a number of proprietary membrane ci^ 
oompotmdB on the market, or bitunun™ Mulsit^ 
which are sprayed on the concrete enrface. famre tlw 
purpcH of these ocatinga “ to prevent evaporawon, i 
is essential that they be applied w rtKm as the 
finished. It is preferable to apply two ^te, *f=™ 
being applied immediately after the fimt. ^tho^ 

these coatings prevent evaporation of water durmg tbs 
early life of the concrete, their fuD curing action is not v^ 
certain and it is advisable to carry out normal moiat cor™ 
aa a aafcgBard as soon ai concrete is sufficiently bar^ 
HttnminDus enmlaioii is not rsoomniended for road 
as it m^es the road ^ppery for a time and 
an tuvrightty appeamaoo as it beoomes worn away m patensa 
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bitqdiiuniA or any othai bUclE wmpoond ig used 
It Bhon^ in veather, be Bpnjed wiUi viuteiraah te 
ndaoe beat abeoiption. 

Curing time can be ledueed by tbe tiae of caJohini 
ojplamed wrlier coder *‘CbId Wutber 
Concrttmg m rt hae the propertUa of absorbing moietn™ 
the air. Conciete can be cured under ateam iritbin 
24 home or inth hot water, bat these methoda uc not for 
conunon use. 

Caring wtb «& water should bo deprecated u Isr a« 
possible, eapeoisJiy the reinforced worka. If this water 
w to be used, altenute wetting ajird drying must be avoid* 
ed to prevent cryataliiiatkjn of ssJU on evaporation as 
crystaDiaation *s very harmful to green concrete 


Cooeieto In 3«a Water and ProtecUon of Mmriw,* 
Stncturei 

Sea water is regarded as an oottre attacking agent 
of concrete etrueturee unlen spedal papecantionB are taken. 

types of action appear to take rfsco, one involving 
the wment the other the leinforoemeiit. The ngion 
'nna^ed is the portion of the strai'tureu above wi^n tide 
which h subjected to alternate wettu^ and drying. Ptot- 
tioaiB of the stnictures oontinaally ffuhmcrgcd have been 
fo^d to remain in perfect condition after many yeare 
of eervioe. It is well-lmown that a mixture of air and 
•ea water ra^djy corrodes steel. In the region of alternate 
wetting ^d drying, stoel reinforeement is apt to be affected 
nnieea the Borroiniding concrete is h^g^ly imprevions. 
omce the oxides formed by comeion occupy 2.2 timea 
the volimie of the original metal nemforeement, the orom 
of Corroding expands and bnrots the concrete member 
along the line of the reinforcement. Therefore, it is ua* 
pewtant to provide 2^- to 3' (and 4' at oomem) or more of 
covenug of concrete, 

^ A rich and weU graded mil with low water/ocment 
ratio to ensiire dense and water-ti^t concrete should be 
used. Dirty and flaky aggregates and oversanded nuxes 
must be avoided. The mil should bo at least of 1 :2 :4 
in the case of plain concrete and of 1 :11 :3 in the case 
of reinfbrced concrete. 0%. broken briclj soft Hmcftone, 
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•oft sandrtone, or other porou* or weak »ggregate6 should 
not be used. Well made pre-cast members have given 
satisfactory results. Therefore, as far aa possible, pre¬ 
ference should be given to pre-cast members, unreinforced, 
well oorred and hardened, without sharp comers, and 
having trowel-smooth finished surfaces free from crazing, 
cracks or other defects; plastering should be avoided. 
Formation of hair cracks is very dangerous. In some 
localities where excessive scour from sand or i<» takes place 
wood sheathing has been found to offer satisfactory pro¬ 
tection. Where unusually severe conditions or abrasion 
are anticipated, such parts of the work can be protected 
by bituminous coatings or hard stone facings bedded with 
bitumen. 

^le effect of owng differmt cements has not been 
fully established. The sulphate-resisti^ cements and high- 
alumina cements have a greater resista n ce to sea water 
than ordinary Portland cement. Portland blast-furnace 
cement is considered highly resista n t to attack by sea 
water and it has been tised at places abroad. 

Special care has to be pven to construction joints, 
no oonstraction joints should be allowed within two fe^ 
below low-water level or within two feet of the upper and 
lower planes of wave or writhin two feet of the uppw and 
filling in the joint spaces. Care should also be taken to 
protect the reinforcements from exposure to salty atmos¬ 
phere during storage and preparation. 

Resistance to attack can be increased by the addition 
of turkki or pozzuolana (ground fine as cement) about 10 to 
30 per cent of cement (cement will be proportionately teas) 
in a concrete. “Trass” is used in England : 1 part t rass, 
2 parts cement and 2^ to 3 parts of well graded aggr^jate. 

When pre-cast units, such as concrete piles, are ^ 
used, these should be stored in air for as loujg as po™*®. 
since by so doing, their resistanoe to chemica l 
greatly increased. The impregnation of concrete piles 
with hot asphalt under low pressure has hem triro to 
America and reostance to sea water has been found to be 
considerably increased. 
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3«w«n iad Dnlnt sf Coaez«|« 

Saver «ddfl uv liAitiifol to ooacnte, lialng of 
Titnoiu dey tike ow vtoaewre pLpea may be immiULe 
from attack of sever adds of joiatii^ maiertal can be of 
ackt-reskting cements Bttamlnoiis pamta or etnulakms 
appbed over concrete or mortar jointfi bcDome emolsified 
a^ dlnppoar. CoeJ-tar products or bitumen'robber 
emulsions applied in thick ooate appear to offer more rC' 
sistanoe. High - alumina cement—either for a jointing 
material or for ooncrote, has proved more resiatant than 
Portland cement but it is not Lmutoue from attack and 
deterioration occurs though at a slower rate. 

Conenk In AIkallD« 3aUi 

Ground waters with eoncantratioas of alkaline salts 
(solubk sulphates) are harmful to Portland cement con¬ 
crete. Concrete never pipes laid in sulphate-bearing 
grounds have beeni oompletelj dimotegrated. When 
structures are only partiaDy iuunezBed or am in contact 
with alkali soils or waters on one side only, evaporation 
may causa seriouB oonceutratkms of sulpate salts with 
nib^uent deterkimtkm even where the onguia] sulphate 
content of the boQ or water is not high. IncreaMd resis¬ 
tance to attack by sulpbateB can be obtained by using a 
fully compacted concrete (1 : 1§: 3 mis.) having a mv 
water/cemcni ratio and low permeability. This does not 
provide complete immunity and the use of ^^sulphate< 
reflasting cementa” or hi^-alumina cement is rccommnuled. 

The presence of sulphate salts in day or soil may be 
indicated by the preaenoe of eolourksa crystals or fcrmatwn 
of a white scum or effloresoenoe on the surface of the ex* 
cavated clay as it drica. The abeeuoe of the above tndi* 
cations cannot be taken as proof tbat aulpbate salts are 
not present. A chemical laboeratory oxamLoation ahould 
be conducted for doubtful cases. 

Kerosene oil IQ per cent by veight of cement if used 
in cement mortar or oonomte is kitowD to retard greatly 
the disiutegratlQii of concrete due to aUcaUs. Frotectkm. a 
concnte coverings over remfonceuieut should be in mia s ed 
to 2* min.j and for foondataous and footings, a cowripg 
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&f4*sfioiiM lie gi^ en. Conslruttion jomU Bhould also bt 
tedticed to ft nnruiitmm- 

Petrol, oil nit^J horM droppings have no effeet pit 
dened conrrete, Stieng acidfi oml ftlkalia a*use dismtegra- 
tion of conerate. 


Causes of Deterioration ol Concrete iB StiUftlures 

CorraiOB of Reiitforcement, Penetratbn of moistan 
thmuEh poroits codieete cau-^ rusting nf rtjnforrtDien^ 

A fre^ioeni cause being j^rt'gation ot coowp. edges, and 
faces, or nt KiiMtrtieti''Jn jointii. 

Excessive fine saml*^ lead to general weakness m a 
concrete on account of the high water cement ratio which 
their use entails, A cnflr« tand gEves a stronger con¬ 
crete than fine aflitd for the former permita cement to fiU 
in the interaticcs hoti* con the sand particloa and thi« hmd 
them together. A fine afliwf would not pemd ft^nd 
BO will not be bound together so finiiily. In order that 
the cement mav exercise the maximum binamg action* 
the isand should be coam? enough for cement and water 
to get through it* pores and surround emh particle of 
sand. On the other hand, ahsenee of Bufficicnt fine sand 
below Xo. 52 mesh (B. S. sieve) tends to give harsh-work¬ 
ing mixes prone to wgregstion and to lo^l defects, hor 
concrete placed bv hand, the Hand ?hpu-d contain not leffl 
than 15 p.c. pae^ing the Xo. 52 niesb, and valuca op to 
20 or 30 p*c. are to be preferi^. Lower vrIucb are suitable 
for concrete piftced by vihr&lion. 

Frost Also has a dratruotive effect on ft weak and poroM 
concrete. The severest conditions for frost action 
when concrete haa more than one face exposTO to the 
weather and js in such a poeilion that it remaina wet for 
long pertods. Alternate wetting and drying has also an 
adverse effeet on the ecmcrete. 

When Teinforcing rods eotrode they m turn sweU up 
in voltime and throw off the covering concrete hwme 
absolutely bare. The rusting goes on alow-Iy through the 
porous concrete^ Give adequnte cover of concrete over 
remfoTcement and use impermeable conen^e as far m 
possible^ A covering of cement plaster about t t 
thick* not weaker than 1 : applied on all dQubtfid faces 
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will afford better protection to the rodfl than a ooncmte 
wiih poroiM ballast. In the case of R. B. roof slabs, tho 
rods most not touch the bricks which ate pomiis^ but should 
haTe a covering of |' thick cement mortar. Rods can 
aleo be protected by applying a coat of cement bitumaatlc 
paint and dusting with neat cement, Bnt the rc^ mnst 
have adequate covering of concrete. 

encUng in Conorete—Causes and Bemedlefl 

f») Settlement dne to shrinkage around reioforoe- 
menta or aggregate particles can be avoided by graded 
aggregate^ low w'ater^cemcnt ratio and adeqnato com- 
paction. 

(ii) I>tlayed finishing and final jQoating of concrete 
□p to a certain limit, avoi^ surface cracka 

(ii*) Surface (form-work etc.) or sub-grade on which 
the fresh concrete is placed must bo damped or it aliould 
otberttrise be water-pTOof so that it docs not absorb water 
from the concrete. 

(iv) Formwork or sub-grades should be of adequate 
strenglh to bear the pressure of the wet concrete vitbout 
swelling, spreading, or any movement. 

(c) Rnsure adequate moist curing, 

{pi) Suffickut thickness of concrete riliouid be given, 
at the points where bars are bent up and anchored, to 
avoid mizinte hair cracks. 

(dV) Concentration of tensile reinforcementa at square 
ownings or re-entrant angles (as in eomsra of doDTS and 
window openings) cause cracks. 0am be avoided by 
suitably placed remforcements having adequate coverings- 

A defect oommonly seen in concrete work is that 
known as "crazing", or fine superficial erflcJdng, The«e 
"hair'* cracks do not affect the strength of the concrete, 
but they are nevertheless very unsightly. The fsctois 
which inioence crazing are (i) chemical "action, (h) eJC- 
pansion sjid contTuctJon due to temperature or moisture 
changes. Hair cracks are partly due to the unequal shrink¬ 
age of the surfsoe ooncfetc and the mas behind it, and 
generally result from the use of a mortar surface dreasmg 
too rich in cement, too much water, insufficient curing, 
or irom ovor-troweUing. One method of avoiding crai- 
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ing is to remove the surfaw Rkin of the coocrete by ferul¬ 
ing it with ft etlTf brush soon after setting. Mo^ caring 
for long pcnodfi decrea-scu the possibilitj of crocking. 

TfoolniFDt of Craohs. The strength of It. C, mernbero 
is in general liUle affected by the presenw of fine cracks of 
pudi ft >vidth tl 4 At tan be closed by “stopping” ftnd painting, 
on [taints, cement points and Wftter painU (dislcmpcraj 
can be applied.. Wider docks should be flik’d in vith 
grout consisting of i part of cement and 1 part of fine sand. 
The crack is sealed at the surfflco with cjemctit poini^ or 
grout of stiff coiL^b^tency applied a brush. Icavuig 
openings at sclcctcil pointe for the lifpiid grout to be in* 
jected into tho track. Should the crack extend through 
the nioniber, it i« aeolctl at the rear face in a abnitar manner 
the openings spACOci along the crack hero acting as venU 
to allow any entrapped air to escape the filling operation. 

Cracks in water retaining struct unes can be tilled Tvith 
hemp or jute fibre* impregnated wnlh hitunien which ore 
pressed Into the cracks ai^ then sealed with bitumen. 

Bulges and ridges duo to forms can be removed by 
carefully chipping and then rubbing with a grinding 
Small patches can be filled in with 00111011 mortar similar 
to that used in the concrete. 

Surface Tteatmojits of Conenta 

Treatment of Porous Conemla with SlUcate of Soda 
[watcT-glftss). Surfaces of porous c:»ncrete or eoncroto of 
poor quality produce harmful dost due to abrading action* 
Treatment with fiLlicate of soda hardens the endace by 
forming a glassy substance and Increases wear resisting 
properties* It is the cheapeat, simplest and most effec¬ 
tive method* Sodium silicate is a colonrleas liquid and 
the grade epecisJlv mode for treatment of concrete known 
u PjS 4 is available from the Imperial Chemical Indus- 
triee. It is diluted with four times its ovm volume of water, 
web Htirrtd, and the solution sprayed over the surface 
with a w’fttering can and brnBhcd evenly with a soft broom. 
The Bolution may he applied in three or more coats, eacb 
coat is allowed to dry for 24 hours before the nest coat is 
applied. Scnifebing each coat with water after it has 
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burdened jRtrridei: a better coodltioit lor tho appllcatioL 
of TOfne^^ co«t«. If the aoHaee la very pomiUr or for 
water retaJncpg structores where greater protection h 
required, stronger Bolationa may be nned with 1 to 3 (sili¬ 
cate to water) for the sceond coat aTid I to 2 for the third 
coat. For avenge concretet 5 ehIIb. of the diluted solo- 
tion will be Anfficient for abont 1000 sq, ft. The surfaco 
qf concrete to be treated most be iboroeghly cleaned of 
any grease or dirt and dried after completioa of the curing 
period before the solatkm is applied. 

Other forma of surfsce ticatmenta are bLw applied 
where concrete may suffer deterioratioB if it is brought 
Into contact with nrtain eah^Unces. In all cases where 
mirface treatment is to be used the concrete most be herd^ 
dense, nod water-tight 8iiw» the destructive effect will be 
much gteatcr if ootrosire Uquida are able to |ienetrate the 
concrete The following materials may be used: ^ 

Belled IlQMed OlL Best results are obtained when 
the oil ia applied hot. Two or three coats should be given 
and each must be dry heforfl tho next is applied. Raw 
tinaced. oil should not be used. 

VuulslieL Any varnish can be applied to dry con¬ 
crete. Two or more coats should be applied. 

BHumloaiis or cool tai pototL tar tnd pHehea. Various 
pfoprietary bianda are available for cold application lihe 
ordinary paint. The concrete must be abaohitely diy^ 
dean aud dust free. Such painta are usually applied in 
two coats, a thin pruning coat to emure bond and a thicker 
finish coat. (See abo under "Cement Fainta" in Scctjqa 
32, and page 7/12,) 

Staining Conento with Cqpptr Sulphate 
One of the methods employed for cdouring concrete 
ie that of staining by meanu of a copper sulphate utntioi] 
and below are given some details of its application :— 
The surface of the work ahouM first be washed down 
and the two applications of copper sulphate solution ap¬ 
plied with a brush whilst it is yet sli^tly damp. The 
strength of the solution used wiD vary in accordance with 
the shade required. For ordinaiy concrete work the per< 
centagea will vary from 10 to 25. A 10 per cent aolutioa 


mwioBCED cKMKjrr ooKcarr* A brickwowl 8/137 

copper ralphate to turn into fertoo. '“‘P''*^- If 

S^to wM turn the blu* «>PI*'.‘V'P’^** _^^eon- 

itiTLiKd to obUin ?r.hT^tW ^ 

tainer might b« rcnorud to, but lhi» 

.dviKa « the depth of colour uux 

A better method of preMiing the gree »ult>hBtc 

two seoaratc and distinct solution*, one of copptr pp^ 
end onHf fcirou. euiphete. both be^ W ^ 

U. 1 lb. of nilphete to 1 gsUon of wetor. S^q^« 
tiee of the ferrou, eulpheto ,h»de of 

to the copper sulphato aolutioi^ sola* 

green i* obtained; the reaaonfor adding the 

lion to the copper U that the for^ u ^ 

stronger of the two, and o“!^ a^suHable green 

solution is therefor© required to obtain a suiUblo gree 

stain. 

As an alternative, good effecU °'*JJ3Vhile 

first mvinK an application of copper sulphate ““ 
tte wpper ►ulph^to i. .tiU wet. to .pply 
ta i^cbi If the Mlphutc. »r» then eptuyed ’"‘h 
a ctoudy or Wended effect wiU 
ciecd in not applying too much of the fet^ 
aa both of the wlutiona give a green appearance whm f 
applied to the concrete. . Kiir. 

^ If the Blicatc of ioda t^tment i. ‘ 

face previoualy treated with coper eulhate. the etaining 

effect i* lost. 

CunlUng or Shot ConertU (or Shotcrete) 

An intimite mixture of cement, a^ (or 
and water ia forced or ejected through a 
diot into plaec by mean, of eoropr^ ™ 
equipment condirU of a compreeaor of a cap acty of a^ 
^ to i-iO e.ft. of air per minute at “ P*5XT’ 3dS 
noixle and 2 in.. flexible hoee pipe (heaey duty) wlucn 
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should ml ho longer than 200 ft. At the end of tho hose 
there is a nozzle to which water under preatrore by a separata 
eonn^tion is supplied. Uiuformly graded^ thoroughly 
mixed dry niateiialB iirie charged into the gun and shot 
under a pre^aore of about 35 to 40 Iba./sq. to. hv compres¬ 
sed air. Slightly moist sand, with about 3 to 6 px. of 
moisture, worhs better. Tlio usual proportions of cement 
Aggregate are 1 :3 or 1:4. The fine nggrejiato. 
flhould be a-ell graded up to a maxiniuni site of j-in.; asnal 
size is 3/ld'in. dawnwarda. Hard-stones aand should bo 
hb^. About 3 galls, of water per cwt. of cement , jnst 
only sufficient water ueccssaTy for tho hydration of eement, 
is used. Tho quantity of wafer added can bo regulated 
for coneot consistency. There is usually 20 to 30 p. c. 
of “rebound'" depending upon the wetness of the mixture. 
A very a-et mixture will not stick on. While shooting, 
the nozzle should under normal conditions ho hold at a 
distance of 2 ft.-fl in^ to 3 ft. froiu the working fare. The 
rorf&ce to be treated must be thoroughly cleaned of any 
mrt. grease or loose particles and should be fully wetted. 
If sand trowelling is obligatory, it should be done imuie* 
oMtely after shooting as gnnite hardens in a short time. 
^0 correct Xo. of gun should be obtained for the max: 
size of aggregate or sand to be used. The compressed air 
entering the gun must be dry and free from oil In one 
operation & coating of only 1 to 1^ Ins. thickness can be 
ftppKed. ^ For greater thlelmess more than one operationa 
are required with an interTal of about 30 to 60 minutre 
between each operation. A finishing or "flash" coat may 
be applied as won as initial set of main coat has begun. 
Ihe flash coat ohould bo as thin as poasihlc. usu.tlly almut 
Reinforcement, usually of 3-in. sq. mesh, may be 
inoorporated to withstand etruetural and tcnipcrature 
stresses. 

ITus methed is Tery useful for rehahilitalitig or re¬ 
conditioning old concrete, brick or masonry works which 
iwye deteriorated either due to climatic oonditioiw or iu- 
fenoT work. It is also used for water-proofing exposed 
concrete! nirfacw or for resetting water pressure on pipes, 
dstems, etc,, where it forms a very impervious layer. 
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The low wAter/cement ratio used the 
CDiuii>actk>n obtaifled prodace a hard and wry dense oo 

orttc. 

It ia dtamble to provide eipenslen end eonttectwii 
jointa in npoaed «ni(iite3 tbiis treated *a m tire nonnal 

works* 

OT Colloidal Conente 

system easentinUy cooaiate of placing ooaiae 


concrete 

Groming 

The 


aggregete in pwition. “ off ebghtly eta« 

hHRht end fiUine the interstices with grant. It IS ^“P 
reoThod of concreting “in pUee” e^ "f? 
smi eater era first miied together in the 
about 7 gella. of water to I cet. of ^ent, to « " 

tvMcd aft^rw'ards to form a colloidal 
content should be the minimam that is requir^ 
a inWit capable of penetrating aU intersti<^ m the pl^ 
a^TOgnto. The proportions of cement 
from I ; I to 1:4 according to the type of work 
This grout is ponred in or pumped into the ^rw 
eato already packed in forms antil complete pen^m- 
tion is ftchi^ed after which the oonciflto ^ 
the normal way. The main advantage of thja raoth^is 
that lacg^ ake of aggregate can ha nsed 
form, saving cost of oruahing and aba eicp^tnag ' 

The largest siitc of aggregate ran be a btlle less n 
finished thicknesa of the work. Afltfr Urge stoOM ai« 
packed, voids am filled with smaller atones which ahonJd 
be of a Legs not le^a than 1 -in. The coarse aggregate shonw 
not cant am any particles of less than 
otherwise cxjmpleto penetration can be obtauicn on y y 
using a very watery grout prodneing a weak and 
concrote. It bt all hand*p*cking of aggre^t^ 
grouting is to bo done for depth* of over 3 ft,, --ins. 
pipes shouW Ire embedded at intervals and the ^t po™ 
through them. A diispcrsing agent such aa “ 

genertilly added at the rate of I gall, to « ***)^®^- ' 
or 4 fluid ounces per (cwt.) bag of cement. Tlio func 
of a diiperping agent is the same as that of a wettu^ 
agpnt* tSee also under '^Cement Grouted Macadam m 
Action 13.) 
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Chncct is a. liquid which when mixed with a cement 
gront, it makes the grout How more freely itmnd the aggre* 
gfttea BO that al] the voids are fulh'^ filled up. 

CEMENTATION OR PRESSimE GROUTING 

Cemetitation w the foreing under pressure of eement 
grout into erackflj voidj or fissures in iitmetures or the 
ground. This system is useful Utr te^i^iirinig structures, 
oemsolidating ground and forming n ntcr cut-offr, 

Holes are doUed at selected points and winent grout, vi hich 
is Bufficiently thin to etiKure complete jicnetratioiL is pump¬ 
ed m. This normally reslorefl stability in a structure which 
has otherwise become iinslablct due to eraeks or voids. 

Ground of fairly hard nature but loose texture, e:j 7 ., 
certain tj^pes of made-up ground, may be con«r>lidated and 
have its hearing espacity iucreaficd by cementation. Pipes 
are diiveit into the grounti and the cores within the pipes 
removed by means of an earth auger. Gront is then 
pumped into the ground through the pipes and penetrates 
into and fills the voids in the ground. BeWw^ and arouml 
dams and deep excavatiotia, water cut-offr are rundc» hy 
making deep bore-holes, to prevent seepage or ingretii of 
water. 

9. JOINTS IN CONCRETE STRVfTrRES 

There are three ot joints : Constructk>n joints ; 

Oontmctkui joints and ExparMiim joints. 

Construction joints are those which cK?etLr at pomta 
where, work haring been stopjHd for aire period, concrete 
already placed Hoh started to linrdtn or.has hardcued thus 
ueecasitatfng some form of joinliiig lieffue any fresh eon- 
cnete is The eonerete on either aide of the joint, 

both old and new , sh ould jv ipiite dense, TTie posit km of 
oonatruetion joints should be such that the ntreiigth of 
the member is not affected and ruoy i>e ns follows : — 

(cm Baitni and aiahs : Joints in beams aud girtlers 
diouUii be local oci at point of minfnmm t^hear. that ifi. mid¬ 
way hetw-cen Support a, with a %'Hrticni: plane ot right angles 
to the directioii of rhe lieam. Wheie a Ijeam interre'ptft a 
girder, the joint in the girder kliould be oflscl a distance 
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eq»nltot*-i«thei.idthorthe beam. 

done the joint inuat in nny case ha nithin the 

(hot not near the support, oolomn or >ra«) Z**® 

it dah Joint Cl. dao be made ocer the cent™ ofjh, 

column uBotring one helf of the heoio to become the ^ 

ing surface of the fotoie adioining beam. 

joint mnv bo made in the omaUer beam at a ah^ 

from the junction of mtereectUig bewns, adequate shear ro- 

mforcement being provided at the joiint^ 

Ordinary slab® supported on U o skies 
after f inishmg any layer of remforeement, or at 
of spa^n making tko plane perpaidicular and + 

to direetimi of the span. In the case 
nuons over beams, concretuiig can be stopped dirK - . 

the cenlrea of the beams making a vertii^ jomt and aUoa^ 
for the future adjoining slab. In ^ 

ment in two directions, gonctetiiig mAV be Mt Kunownert 
near the middle, Lf,, when half the sUb from one ende is 
lairL 

The ribs of L-beams and T-beams sbould Mrmal^ be 
oonercted together with the floor slab of which 
a part. \Miere however, a jadnt cannot be avoided, Wi* 
following method can be adopted :— 

In the ca» of T-beams with contnnious »lal» in which 
ail the flhearing action has been provid^ for in the sha^ 
of BtirrupaJ, may be left after compieti^ng the itb po 
provided the stiirupa project from the rib almost to * , 
of the slab, otherwise the cimcretiiig may be ta^n w'ltw® 
one inch of the underside of the slab. The slab 
be built ox'er the rib not later than two days after comp 
tion of the rib. , ^ 

In no case shall work bo terminated in beams or s 
where shearing action will be great, as. for example, near 
the ends or directly under a concentrated load- 

Normally the constnictton should be planned bo that 
the day's work ends at a joint required for structural pur- 

Lay ere of concrete at the jmiit should be finisl^ 
against a properly fixed atop-board to enflura a 
ori face. The itop-bo*nia must be rigidly fixed and slottod 
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to allow for the pasnagie of retnforcempnt. Sufficient 
mini tier of caivtiniiity bars must bo left to tie the benm or 
alAb to tho opposite aide. Concrete ahoold be well rummed 
ngaiDst the stoji-hoard* 

f6) Colmniis : These Hhoiikl be finished with a level 
florface a few inches below junelion with beams, this is 
particularly important in the eftf«e of the colamn heads in 
flat-slnh construction. Two hours shoo Id elapse offer the 
depwiting of concreto in columns or walls lieforu the dc* 
I^iting of concrete in beams. iL'icdcrs or alnbs KUp|K)rted 
thereon to allow for settlement or shrinkage in the column 
concrete. 

Methods of Jointing ffow Concrete to Old. Tlio surface 
of the concrete nltvfidy ploccdl should be prepared in the 
following manner «id joint made :— 

If the Bioppctfle in the work ia of short duration, 
say 0 matter of a few hours, then a mortar gfx>i]| of simiJiir 
eOmpfwiition to thrit contained in tbo new concreto should 
be applied to tho old surface. 

(A) Wher> the concrete is more mature v.e,, partially 
harrlened, the aurfflce shonld be scrubbed and wire-hrushed, 
removing any laitance, care being taken that piece* of 
aggregate are not dislodged, moistened with water and 
neat cement alarry applied followed bv the application of 
a thin layer of rich cement mortar (i ; £}. 

(c) IVhere the concrete has hardened^ similar treat¬ 
ment to tho above is given. The ooncreto ia hacked or 
chiselled and watered. 

Fresh concrete should be well rammed against old, 
particular attention being paid to edges and oomers. 

Some erigineera ifrcfer a rebated or grooved joint; 
the Surface of the previonsly laid harden^ DDucreto iJ 
rooghened, cleaned and covered with half^inch layer of 
1 : 2 cement mortar» 

Cement nurfftcea can be roughened to improve odhcN' 
■ion by etching with muriatic acid. The add should bo 
wa^ed off with plenty of water. Method has been ex¬ 
plained in Section 18 under Oement Cont^to iloada— 
"Correcting Slippery Surfsocs/' 

ContraetKm and Expoadon Jolntf ate necessary doe 
to changes in volume of concrete caused by fi) Shrinkago 


wnsranc^O CEMEXT CX>NCHErE & PBJCK.\roEM 8/143 

due to hydrfttkm of i^ncnt doiiiig setting {baldening and 
diying), (h) Tcmpetatnre changes- and {iii} Chan^ ift 
moiaturo content, Tbcao arc colled functinral joints. 
In the initial stages large stresses are bnflt up in the coa-* 
Crete and three strcaaeH mnet be relieved by the inoorpora^ 
tion of joints. Sobeeqaentlyt wlim the concrete has hajf- 
dencd, OTtpanaion and contraction occurs duo to the sea- 
soiia] voriationa of temperature and moisture content. 
If after diying, concrete ia subeequentij^ wtted it wiR 
expand but not sufficiently to regain its original voltinie| 
Contmetkm joints are csaentially breaks in the stmctural 
continidty of the concrete, and are intended to open when 
the concrete contracts daring setting or when the tempera^ 
tore falls below the temperature of laying. Expansion 
joints permit the concrete to exparid and contract. As 
concrete is very much weaker in tension than in comprea- 
sioDf contraction joints normally have to be spaced at 
closer intervals than expansion joints. 

The amount of shrinkage during Betting and oxymg 
of concrete is largely dependent upon the quantities of 
cement and water in a mix^ the greater the cement and 
water content, the greater the shrinkage. Water coutent 
ia particularly important t ahririkage per lOO-ft. length 
of 1:5:4 concrete, based on water'cement ratio, is ap- 
pioiimately 

(ij With water/cement ratio of 0.3 0.17 in. 

(f,j 0.5 0.60 in. 

(ill) —ditto.— OJ 0.04 in. 

In actual practice becatise of incomplcto drying due 
to curing and the restraijit offered by reinforcement tho 
shrinkage that will occur le less than determined! by labo¬ 
ratory experiments. In a normal concrete the amount of 
shrinkage may be } in. to ^ in. per lOO ft. length. Con¬ 
traction of neat cement is roughI 3 ' three times as great 
fls of ordinary mortar 1:3 or 1:2:4 concrete. 

The Combined effect of shrinkage and temperaturs 
can cause stneiwes which may be greater than the tonsils 
strength of the concrete and lead to the formation of cracks- 
For this renaou the surfaces of large continuooa areaa of 
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pUin ind reinforced concrete should be subdivided bj 
means of break-m-coDtinuity jointa. DifferentlaL nature 
of Taristiona due to the temperature gradieut between 
the upper and lower BcrTaoesof a slab Enay cause the slab 
to warp, thus producing flexural stresses at the ends and 
particularly at the ODmers of the slab. Moat buildings 
do not require expansion jointa. For the moat part bnild- 
ings of ordinaiy eize and regular in plan can resist the 
■tresses caused by volume changes without reeonree to 
expansion joints. 

If concrete is cast in long lengths or is restrained from 
freo movement, and cracking oncl drying is uncontrolled, 
then shrinkage cracks will in ill probnlsility bo roncentrated 
at a few points and so be severe. Warping of the slabs 
may also occur. Cracking of concrete due to shrinkage 
may be pres ented by (ij proper curing, {ii) provision of 
reinforcement, and (ni'J restricting length of concrete 
cast in any one operation. 

Co’efficient of Linear Expansion for 1 deg* F* : — 
Steel .0000067 

Plain concrete .000006t> 

Reinforced concrete .000006.^ 

Total expaiLslon of a structure in inches =^co-efficicnt 
of linear expansion x length of the structure in inches X 
change of temperature in deg. F. 

For a rise in temperature of 50 degrees F* a concrete 
itnicture will expand 50 x. 0000065=6.0003^5 inch for 
every inch length. If this expansion is not allowed lo 
Occur and if the modulus of elasticity of the concrete is 
3,000,000 lbs. per sq* in. the compressive stress which will 
develop will be 0 000325 x3000000=075 lbs. iier sq. in. 

A structure IDO ft. long will expand about|-in. through 
a temperature change of .50 deg. F. 

Observation of buiklings in service indicate, fhc total 
pioveiiient is somewhat less than half that whirh might 
be anticipated by combining the contraction due to tem¬ 
perature drop uith shrinkage. It is coiuadered that the 
max. movement at jointa located 200 fi. apart will not 
exceed 1-in. under most unfavourable roiiditions. Some 
of the American experts consider that buildings njidcr 
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200 ft, length need not be pnorided with 
bat H b Mfer to provkia joinUat uft 

cording to temperature vaiiatiorti. Minimum left 

for * joint flhoold be i to. and maximum 1 m. to 1* 

If a buitdtog is DOiwtructed in summer, there need not be 
more thim f in. between the two surfaces of tbe jomt. 

In order to be effect i??. expanflion jointa should eite^ 
entirely through the building, forming mdependent un^ 
Column footings that may eome at eapanaion J^mta 
not be cat threugb unless the colomna are tc^ short ai^ 
.tiff. Joinia shSnW extend through 
oiberuise the restraining toflueiice of the wall 
whidi la without a joint, may ca^ the w^l *™ 
crack inspite of the joint in it. Keinforoeme^ i^st ™ 
pass through an expansion joint, ^Vnll 
be made oontinuoua over parapets. 
is DO definite indicatkiii that jomta should be pro^^ 
where a building change* direction, ea for mstance m 
L-jT-orU-ahaped structures, unlesa the adjoining 
are quite diseimilar m aixe. some designers }^™ 

at such plaises as a precautionary measure. There shotutt 
be no fear in providing joints so long aa care 15_ 
th«r daign and adequate superrision given to then- oon- 

atructloo. 

Expan^n joints should always be made “ " 

possible without saerifimng effectiTcncM. Wi^ ^ 
water tightness are essential i bo ^ome form of seal » now 
awy. UsuaUy a crimped copper strip of 16 or. 
uai for this purpoBc. i*to. diameter hola at B-ma. 
ahouJd be punched near the edges of the copper p _ 
securely anchor it in the concrete. A copper PP 
generally preferable to fiUing the joint tnth maatie 
bitumen) u d is liable to be extruded when the pint a 
donl, making an unsightly appesrimc^ ^ 

can be painted at the aurfico to match the . 

figures shown on the folowing P«S*® 
pnnciidea and should be modified according to n 

Jig. A : Vertical joint in walls. Where largo allo wan« 
is dctirable for expanMon and ^rinkage, a space 
can bo left to between. Whore dealing with water leakage^ 
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a copper strip, 16 ca, metal, caii bo put in. 

In unreinforced wills, joint* it inlervats of iliout 

in ?■ exposed to weather iwl 

30 n. for waJla protect^ from weather. 


2 * Y^rtical joiiit in re#rYoir wall 
C : Joint in roof slub* 

D : Joint for external wall of bmJdings. 

E : Baw of wall of cyliiwirical toot, whore wall 
floor arc not monoUthu?. 

F ; Roof pxpanaioQ joint. 

S ■ alAb wilhout metallic. 

■f V' H : Bridge slab with motollmg over It 
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slackened gradually to avoid imposing sudden loads on 
the structure. Under no circumstanoes should the forma 
he removed until the concrete has hardened sufficiently 
and may be left in place for as long as possible up to a max¬ 
imum in normal weather of about 28 da^w. A very rough 
guide is to strike the concrete with a light hammer; a 
hard metallic sound indicates that the concrete has hardened 
sufficiently for the forms to be removed. With high tem¬ 
peratures the period should be less and with low tempera¬ 
tures more as cold weather will slow down the rate of 
hardening. In accessing the minimum {icriods, any day 
during which the air temperature remains below* 40 *F. 
should be disregarded and each day that the temperature 
is between 50* F. and 40® F, shoukl be counted as half a 
day. Minimum periods for the removal of centerings 
may be taken as followrs ;— 

(») For structures not carrying loads: 

Sides of beams, walls and columns 2 to 6 days 
Bottom forms of beams and slabs 7 to 14 
Props or supports to bottoms of slabs 
and bea^ (more dajrs for greater 
spans and cold weather); to pre¬ 
vent sagging of the members. 14 to 28 „ 

With rapid hardening cement 3/7 of the above time with 
min. of 24 hours, shoukl be taken. With high-alumina 
®^m^t a further reduction may be made. 

(»V) For structures carrying loads : 

Side timbers should not be removed before 7 days 
and supporting timbers 28 days. No loads should be 
allowed on the works before 28 days. 

Construction loads on centering should be taken as 
fiO lbs. to 75 lbs, per sq. foot. (Load for wet concrete.) See 
mider “Formwork”. 

10. SPECIAL TYPES OF (X)NCRETE 

P rert w ed Oonoeta 

A concrete (reinforced in the special method described 
bww with <»ld drawn steel wires of high tensile strength) 
which is subjected to compression (at the time of manufac¬ 
ture) in those parts which under load will bo subjected to 
tensile forces so that the ocmcrete will be nowhere in a state 
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of Utision under the working load. Preatressing inducea 
oonpression on the lower or tension surface of a beam and 
when the design load is applied, tension is pr^uml on 
the lower surface which ncutralirea the compreawon already 
eet up by prestreaaing. The aim in preatreasing thus is 
to completely neutralize the stressea due to the deiugn 
load. It has been stated earlier that it is not economical 
to use high tensile steel in ordinary reinforced concrete 
works. 

The preatreas is let up in a concrete beam by stretch* 
ing several wires of high tensile strength in the concrete. 
'n»ere are two methods in general use: The wires are 
stretched before the concrete is oast (called '‘pre-tensk>n^'’) 
and the stretching force subeequently relcasod. After 
the concrete has set, the wires are cut and preatre« is 
created in the concrete due to the prevention of steel from 
contracting to its original length. The preatreas in the 
concrete ia maintained and the atrees is transferred to the 
concrete through the bond betw<^ whw ai^ 

The steel is prevented from returning to its origiMl oonm- 
tk>n by the concrete and this iiulnoes compreesion in the 
concrete. A good bond between the steel ai^ concrete is 
ensured because several wires of small section (m com¬ 
pared with the common mild steel rods) are used, and dim to 
the slight lateral expansion of the wires in the surrounding 
concrete on release of the wires from stretching. 

In the second method of preatreasing. which Is called 
**poet-tensk>ning*’, the wires are stretched after the concrete 
has hardened ; which are either encased in pipes or sbeatl^ 
or holes are left in the concrete throng which wires are suN 
seqoently threaded- The wires in this meUiod have to be 
held stretched permanently by mechanica l means, ».s., 
anchors. There is no bond between wires and ooncr^. 
The reinforoement in the post-tensioning method oonsisU 
of a few large or several small cables made of high 
steel wires laid in one or more rings round a core. Pre¬ 
tensioned bonded t 3 rpe is more suitable for small structures 
particularly of the precast variety and the post-tension 
Dondleos type for heavy structural members of long lengths 
■udi as in bridges. 
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For the same design load the weight of concrete in a 
p^tressed concrete is about 50 per cent less than in 
ordinary reinforced concrete and the weight of the hinb 
tensile steel used is about 60 to 75 per cent less than^ 
quantity of mild steel. The working stresses adopted 
for prestressed concrete are much higher than the common 
reinforced concrete, thus permitting the use of much 
smaller and lighter section for the some load. 

Lightweight Concrete 

Concretes weighing less than 100 lbs. per c. ft are 
generally termed as lightweight concretes. Such con¬ 
cretes are usually produced by using lightweight aggregates 
such as breeze or clinker, foamed slag, pumice Such 
concretea have good insulating qualities but are porous 
and ahsorbtive and corrosive to steel, and are not used for 
reinforced works. Blocks made with this concrete ars 
used for nnn-Ioad bearing partition walls and panels, 
floonng and for fixing bricks for joinery. ^ 


No-Flnes Concrete 

No-fines concrete is made with coarse aggregate anH 
cement only without using fine aggregate (sand) The 
oc aj^ aggregate is greded to pass |-in. sieve with not more 
than 6 ^ cent passing through a |-in. sieve. Any normal 
ag^gatc may be used though a natural gravel is best 

h. : and the weter/cement ratio ihonid 

W? the minimum necessary which will be about 0 4 An 
excess of water content wiU tend to cause cement paste 
«»ggrcgate surfaces and to fill interstices. ^ 
Jll** concrete is light in weight, about 100 Iba. 

PCT c.ft.; thermal conductivity is less than normal oon- 
, crushmg strength at 28 days is 500 to 800 lbs. 
sq. in.; It offers very little resistance to the passage of 
^ter and is comparatively weak in strength. oSbe^ed 
wallmg plastered both sides, but is not suitable for 
^ndations or works below ground for itTreSSli 

^**"8 keying of no-fines concrete is carried out 
«n the same way as for normal concrete but the aggregate 
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ihoold bo wetted before miziag. This concrete will not 
segr^f&te but neither will it flow into position in the moulds 
or forms. Roddii^ for oompaotion is therefore necessary 
but should be carried out carefully so as not to destroy the 
cellular nature of the oonorete; ra mming or vibrations 
for compaction must not be used. Construction joints 
will perforce bo weak; horizontal joints only should bo 
used. Cutting and making holes are dlfHcult. Reinforce* 
ment (which is not a normal system with this type of con* 
Crete) where required (for lintels over small openings) 
should be bedded in cement mortar. 

11. CEMENT CONCRETE FLOORS 

In residential quarters concrete floors may be laid in 
l*iiL, l^in. or 2*in. thick layers over 3 ins. to 4 ins. 
thick base of lean cement oonorete 1 :6 :12 or lime oon¬ 
orete, according to the wear and load expected on the 
floor. The top cement concrete should be laid before the 
lime concrete has completely set (within 7 days). The 
surface of the lime oonorete must be moistened before 
laying the cement concrete. The hardest procurable ag¬ 
gregate should be used well ^;raded from } in. down, 
1:2:4 mix., or graded from | in. to | in., the matrix being 
1 part of cement to 2| parts of aggregate, sand being added 
as necessary to make a workable mix. Minimum amount 
of water should be used so that no scum is formed on the 
surface when the concrete is beaten; the mix should have 
a slump of not more than 1^ ins. Solid floors may be laid 
with 1 :2 :5 of medium aggr^ate. 

The cement oonorete, which should not be too dry, 
should be spread evenly immediately after it has bera 
mixed, using strai^t edge; it should be atonoe well beaten 
and consolidated with 5*lb. wooden rammers. The con¬ 
crete is to be beaten until the mortar comes to the surface, 
whidi should be in less than 16 minutes; the floor should 
then be dwelled and finished. 

Concrete floors under heavy loads or those exposed to 
heat may be reinfmeed with fabric (light) reinforcement 
of 6 in. X 5 In. mesh placed ? in. below the finished sur- 
fecc. ^ ^ 
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Granolllhio MnJsh is used to proyide & bard weariug^ 
abrasion resiatant and dusticss surTace to concrete fJoora, 
stair treads, etCr and also where smooth polished and rich 
surraoo is wanted. Granolithio concrete is composed of 
cement and specially selected aggregate of hard rock and 
graded from down to No. 100 Eiieyo. Mix proportiosjS^ 
are normally 1 : 2 or 1 : 3 by volume (all-in grit aggregate); 
or may consist of 2 parts cemeiit, 1 part of fine aggregate 
and 4 parts of eoarse aggregate. Coarse aggregate is gr^ed 
from I in. for f in.) down to No. 7 aievo and fine aggregate 
from /ij in. down. The alUin aggregate specified above 
may consist of 3 parts of |-in. screenings and I part of 
screenings, with sufficient sand added to miika a workable 
mix. Parlicalar care should be taken to sift ont ail dust 
Or fine material and to use mmimum amount of mixing 
water which will give adequate workabiUty and will permit 
of satisfactory finishing. 

Best rosulte are obtained where granolithic is laid 
before the base concrete baa set. B^ny apeoifications 
require thU to bo done within 30 minutes after placing of 
bam concrete, and in any ease it ahould be done within 
two hours. The gianolitblc layer should bo of ^ in. mini¬ 
mum thickness. The base ooncrete need not be smooth 
fmUhod. The granoUlhic should be well tamped into 
plare^ acreeded and lightly floated to required laveU. 
Finishing, as described later, should he left for at lea. 3 t 
bh hour after laying. 

Where the baae concrete has hardened, its aarfoco 
should be roughened by faaoklng. laitance removed 
well satorated with water and cleaned. Immediately 
before laying granolithio, any exoees water should be re¬ 
moved and the surface of the concrete covered with a thio 
myor of neat wment grout well brushed in. The grano¬ 
lithic should then be laid os describ^ above but in this 
owe rn kumui n thiokness roust bo increased to at lost 1-in. 
*od preferably l^-ina. An od^uate key between tha 
htee eouorete and the top finish is essential where the ba §3 
concrete has set. 

Xolob In cQuorete floora- Floom should be laid in a 
of panels uot exceeding IS ft. in length or eq. ft. 
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in area, which may be reduced in expoaed poeitiona. Cement 
concrete floon are generally laid in 4 ft. to 8 ft. panels to 
avoid cracking due to contraction during setting. Thin 
(^•) jointing stripe of iron, teakwood, brass or ebonito 
should be introduced between the panels and which should 
be oiled or white washed to prevent adhesion of concrete. 
Stripe of oiled paper can aJeo be used. The effect of 
initial shrinkage is reduced to a minimum by constructing 
the floor panels either in alternate bays or in chequer- 
board pattern in such a manner that no bay is cast in 
contact with one already concreted until the initial con¬ 
traction of the latter has taken place. Where concrete 
in a panel has set, the new panel may be laid by simiwy 
butting against the old, the surface of old panel being 
given a coat of whitewash. 

Kosalc, Terraio or Marble Chips Flooring. Floonng 
surfaces can be made into a largo variety of 
and colours and are generally cast into situ, over a hard 
concrete base which roust be sound with clean rough sur¬ 
face. Methods commonly adopted for laying the terraro 

finish surface:— . . .. u 

(i) in. to ] in. layer of concrete is laid wherem 

crushed marbles are used as aggr^ate. 

(ii) The top course is made with a mixture of 1 cemeni 

and 2 marble chips ^ in. sixe, laid J in. thick. . . 

(tti) A layer of 1 :3 cement morUr ^ in. thick » 
over the concrete base next day the base has been laim 
A terrsxo topping * in. to j in. thick coining of 1 pwj 
cement and 2 to 24 parts marble chips (| m. to * m.), w«i 
mixed, is laid and surface rammed to consolidate ana 

finally trowelled light. , . , -j_ 

(ir) A stiff mortar of 1 cement and 2 sand is laid over 

the base course to a depth of j in. to 1 in. Small approxi 
roately cubes of marble of various colours or pieces of te^* 
cotta are pressed into the mortar which may be arrangea 
into various patterns. Or alternatively - small 
larW shaped chips of marble are sprinkled over the floaling 
coat of cement, and pressed into the surface with a hana 
float and whole consolidatod by rolling. ... ♦ 

Coloured Hoors. The colouring pigment should noi 
be more than 1:3 and not less than 1:12 (colouring pig* 
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pient to Dement}. Weight of co^ouriiig pigment tuied in 
excess of 12 per oent of the weight of cement redaees the 
strength of the mortar. Colours are better inixed with 
white cement than ordinaiy Portland cement. Coloured 
oemonts should be tused in preference to mixing pigmenta 
in the cement as with the latter method it is dlTficiiIt to 
produce a oniform colour, and the Tusulting concrete wiD 
look patchy. Also, surfieient coloured cement should bs 
obtained in one batch to oomplote a whole job. Coloured 
floois without marble chips can be made with 1 c.ft. of 
cement and 17 lbs, of red oxide or i^ory black laid J in, 
thick. An iron float must on no account bo used in fi* 
nishing with a ooloujed floor as it will cause crazing. 
(Crazing is fine hair cracks produced at the surface.) 

For Skirling : The undetlayer should consist of ^ in, 
thick cement plaster 1 :3. Top layer to be same ae for 
the flooring. 

Trowelling Floor Surfaces. Granolithic floor surlacea 
are trowelled to a smooth hard finish with a wooden float 
and a steel trowel. Over ttowelling or finishing should 
be avoided. Two separate trowellings are required, the 
first being done as soon as aurface has hardened suffinumtly 
between an hour or two after placing and when exoeea 
water haa disappeared from the surface : At this stage 
no more work ^ould be done than is necessary to smooth 
and thoreughly compact the surface and final finishing 
should not bo attempted. As surface hardens trowclUng; 
should be repeated at Intcrrals until the required degree 
of finiah is obtained. The final trowelling should be 
finished before the Initial set takes place, 

A wooden float has the advantage of not exerting 
much suction but a steel trowel is neoessaiy to form a 
narf and smooth metallio surface- Exterior snifaces 
which ere not to have a very smooth fmiah should not he 
trowelled to the same extent Ha the floor surfaces and 
should be finished by means of wooden noats and not 
j , trowolfl. All high and low spots sboold bo carrected 
during trujwelJing with the wooden float. 

IliB practice of apdnkling diy oement on tbe fraihly 
laid concrete surfacca to absorb eioeaa water is not favoured 
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3fl it tendfl to fotm a. ooai ^rhich will later be flab^ect 
to dusting and crazing, and will peel off. 

Ortct^ng and PoU$)ilQg. When the ogncrete surfew 
Is 3t to 4 daja old, it can be anrlaced by hand qr with a flur- 
face grmiiing machine. Thie grinding rcmovca laitance 
or loose niaterial and produoea a smooth riiiish. Tho first 
grinding should be done with a coarse carborundum stone, 
(or aon^tono blocks 4^ to 5' in dia^ and to 2^" thick} 
and Tiiie sand sprinkled over the surTace, using water freely. 
All pores and holes arc filled with cement mortar of the 
baoie mateiialB oa the door surface. Second grinding 
should be done after afurthcr five days u?ing a finer grained 
carbortmdum stone and patches, if any, similarly filled 
in and third grinding carried out. The floor ia washed 
thoroughly after each grinding and in the final grinding 
washing should be done with hot winter and pure soft iso&p. 
Final grinding shonld generally be done after 10 days of 
rest. 

In the case of grinding with a machine the first cut 
should not be made till the coloured surfacing layer hae 
been down 14 daya. 

After the final grinding (or cut) oxalic acid Is sometimes 
dusted Over the surface (} lb. per 100 aq. ft.) which mu^t 
be sprinkled with water and rubbed hard with numdah 
blocks. {This operation may be repeated till the flurfiioe 
has acquired the required gloea.) The following day the 
f Iix}r is wiped with a moist rag and dried with a soft cloth. 
A hot mixture of turpentine and beeswax (4:1 or 3 ; 1) 
is then applied to the surface and thoroughly rubbed in 
with hand and later again rubbed with clean cotton wastci 
for 4 honrs. The rubbing must be continued until the 
floor ceaaes to be sticky. Best result ia obtained with 
a minimum of beeswax and a maximam of rubbing. 

Oils used on dusting concrete floors have not been 
very successful. 

Floor paints in varioua colours are available and give 
a hard, wcar^reoating surfuce and withstand the actron 
of water. They form a hard film on the top^ Coment 
paints have bwn described dsewhene. 

Cement rendering ^^io. thick 1 1 3 can be done over 
a lima concrete aurfaca or over brick floors with open 
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joints for key» (dry brfckfi laid flat or on edge), wluid] makes 
a cheap quality of door. 



iVjy. 1 A concreto mixture Trith too much cement- 
sand mortar. 

Fu,.2 A concrete mixture without sufficient cement^ 
sand mortar to fill the space between the partJ. 
cles of largo aggregate^ 

fiif- 3 A concrete mixture which oontama the oorreot 
amount of cement-sand mortar* 

A handful of good mixture abonld letain its 
shape when aqueezed and become moiat on 
the surface without dripping. 

12* RKiNT'OfiCED BRICKWORK 

The d^ign of reinforced brickwork stnicinrca shall be 
oased on the same general principlee of design and analjau 
M are adopted for the design of similar R. C,C. atruo- 
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Reinforced brickwork ig not very reliable and ehould 
not be need for important etructurea without having 
Ascertained the exact strength of the bricks by laboratory 
testa although this type of constnictiou has been extort' 
azvelj used for oomnion roofa for its ehoapn^s:. Strength 
of hricka is so variable that we c&unot have a universal 
ndo like the concrete work^ Str^tngth of bricks is given 
in SeetioQS 12 and 7^ A oombinartion of cement concrete 
and bricks for roof slabs as shewn in the illuatrations ia a 
much better way without much of extra cost. Concrete 
on the top takes the compres&ioiL Best bricks should he 
selected for the work. Caro should be taken to ensure 
that the bricks do not oontam an injurious amount of 
Soluble salts or other deleterious material (efflorescence). 
The concrete should consist of well graded ilna aggregate 
ah passing ^ in. BJS. sieve. Use the T^ble for reinforced 
concrete slabs (page 8/^) and place reinforoeraent rods 
in joints. Concrete at the top of the bricks should not be 
less than ^rd the effective depth of the slab^ 

Reinforcement rods of greater diameter than | in. 
should not bo us^. Overlapping should bo avoided as 
far as possible and when it has to bo done a lap of 45 dis' 
meteis should be given with proper hooka at the ends and 
the two rods bound with wire along the lap. All rods 
should be straight and free from kinks. All bars should 
bo in one plane only. The thickness of the joint should 
not be less than I | ins. and not less than three times the 
diameter of the reirdbreement rods. A bus of bricks abeuld 
be first laid in each direction to act as a guide and to ensure 
that cutting of bricka is avoided as far aj possible. If a 
part-brick has te be introduced this should be done about 
the middle of the length. When the rrinforoement is to 
be placed only in one direction the bricks should be laid 
In rows parallel to the reinforcement, their ends being pro* 
perly jointed with mortar. Negative reinforcement and 
distiibutian bars should be provided as for R. 0. 0. slabs. 
Temperature bara are requii^ at top whore concrete is 
used on the top and where roof is exposed to sun, which 
may not be lera than 0.2 per cent of (io area of the eroas- 
secoon of the concrete. 
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Co-efFjcients of expaiuion and odotratstlon of brick- 
w'ork U about hajf that of cement eoacrete and steel. 

The foUdwing working streasea may be taken general)j 
for R. B. works 

Safe comptcsdre (in bending) stress for bricka in slabs 
when comprsaaioi] is to the thicknesa of 

one brick only 3S0 io 400 Ibs./sq. in. 

Ditto, for beanoii oralabs wben compression is not limi* 

tod to one brick . 250 iba7s<i'i^'^ 

Direct ccmprcasion ... ... 200 Ibe./sq. in. 

Ditto, witli lioop binders ... 300 Ibfl./aq. in. 

Brickwork in shear or diagonal tension 25 Lbs./eq. in. 

Ratio of tooduins of elasticity for 
Btcol to that of brick .4Q to 00 

Adhesion betv'ecn steel and mortar 80 to 90 tbs./sq, in. 

Shear in brickwork .. 60 )bs./sq. m. 

(If bricks aio tested, tboeo giving a breaking atresa 
of 1200 Ibs./sq. in. in oomprcsslon and 20 Ibs./sq. in. in 
tenaion may bo accepted.) 

It is nccesssjy to use small bars (leas thim | id.) 
hooked on all ends and placed in every joint for the main 
reinforcement. 

Thickness of slabs should not be loss tkan 1/30 of tho 
span. 

Another metbod is to make slabs like "Ribbed Floors" 
OB dcsoribod earlier. The concrete ribs or flanges can be 
made 3 ins. wide and 12 ina, centre to centre to aceoimno- 
dsie 9-in. bricks, 1| ina. thick concrete is on the top. The 
riba are designed os T-beanjs. Diatribiition bars | m. dia. 
ore provided 12 ins. apart on the top slab portion or fiangca 
of the tees, which are &t right angles to the main reinforofr- 
ment m the stem of the tees. Negative reinforcement 
is provided in the top of the atom of the tees extending up 
to about one-fourth of the span. Stirrup for shear 
can be provklod whore required for thick slabs, 6 inches 
apart and up to a length of ono-quartcr of span on either 
aide &om the supports. Bricks may be laid in 1 :6 cement 
mortar. 
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All bricjia fibould bo voD scjaked in water for oOrO hour 
before twe. AH jointa Bhotild be well filled in and remforoe- 
ment rods well somounded by mortar: the roda ahot^ 
in no place toneb the brickfl. Similarly there ahotild m 
a suiTicient cover of mortar flt the bottom. Mortar filled 
joints should be “topped up" with additional grouti, m 
and where necessary, after the first pour has been allowed 
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10 to 15 mmutes to settle. Where mortar jointa are filled 
first and top concrete Uid afterwards, the mortar in the 
joints shonld only reach about | in^ from the top in order 
to give good key to the surface concrete. All concreting 
should 1» done at the same time as far as possible. 

Belnrorocd Brick PaBelled Walls, (See also Panelled 
Walls and Partition Walls in Section 7-pag(3 7/21 and 
7/52,} Rcinforooment may he of wire netting or hoop iron 
in ever^’ second or third joint fully embedded in eemont 
mortar 1 :3. The rejnforeement may consist of two 
(of hoop iron) placed near to either edge of the walk The 
reinforcement most be oontinnans tetween supports. 
Panela Ins. thick should not be more than 20 ft. long, 
and 9 inst thick not more than 30 ft, long. Where the 
panelling has no foundations^ the bottom course should 
be reinforced like a reinforced brick slab, and designed for 
load fdmilsr to a lintel. The bricks wDl all be laid as stret" 
chora, no half bricks or bats bciDg uffid,^ in 4| ins. panelled 
walls. 

\VheTe panela are not reinforced, pillftrs may he pifr 
vided 0 ft, apart 13J ins. thick by 9 ine. broad, for half* 
brick thick panels. 

Reinforced Brickwork Water Tanks 

(For utircmforoed water tanks see Section 7,} 

t=hDf22. t is in inches (thicknesa of brick wall} h and 
D are in feet (height and disJUeteT). 

Hooped reinforcement (as explained under B.C* tanks), 
and vertical rods, to be fixed outside the wall. Outflide 
bo be cement plastered and inside render^ water-proof. 
W^atcr lock (metal stipj to be provided at the junction of 
the wall and floor, 

13. GLOSSARY OF TERMS 

AcalcToloT : An admixture which tneresaes the rate 
of hardening of concrete (in cold weather) by arcoelerattng 
the h^’drution of the cement. Calcium chloride is most 
commonly used. ^ 

Ag^re^foie t Strictly speaking this meana all partied 
of sand, broken stone or gravel, etc., used in making oon- 
Crete. The term in often loosely us^ to denote all parti* 
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cl«s larger tlian in which case "eoArfie aggregate" is 
more correct. (See also page 18/9.) 

Bar : The term 19 applied to dmple fiectionB both 
round or squeren usually above aiIe^(AlBO defined under 
"Steel Structures" in Section 21.) 

Batch : The quantity of eoncrcte mixed at one time. 

Bleeding : The dischaige or freeing of water from 
freshly placed concrete. The formation of a thin laj^er of 
water on the exposHl aurfaco of concrete after compac¬ 
tion. 

: The ioqreaae in voinine of sand or oggegatc 
caused by the absorption of water. 

CoTiaistency : Is a general and not a very definite 
term relating to the atate of fluidity of a concrete mil 
obtained according to the proportion of water in the mix 
and is usually measured by the slump test. 

ConirtiUed Concnlc : Concrete in which the propor¬ 
tions of ceTnent> aggregate and water are determined hy u 
laboratory test for ooncreto of a specified strength, and the 
same are used. 

Creep or Piasfie Fhw : la the gradual and eonti- 
nuotifl yielding of the eoncreto^ which is a permanent de¬ 
formation, when an applied load is maintained for some 
time. This deformation or flow becomes appreciable only 
when the stress in concrete eirecds half the ultimate break¬ 
ing streas. The strength of the creep is proportional to 
the stress applied, and the tendency of concrete to creep 
generally decreases as the strength ineneaseBn Creep may 
enable a structure to support loetU much greater lhan 
those which oonsideration of strength and elasticity alone 
Would indicate, 

A material ia said to potaeafl plastic properties, if, 
when loaded, it yields and deforms without breahing. The 
difference between elastic and plastic deformation is that in 
elastic deformation the material returns to ita original 
shape when the load is removed w-hereas plastic deforma¬ 
tion is permanent. A material is in a plastic state beyond 
the elaatic limit, Steel has a fairly well defined elastic 
limit and pla^c flow in steel takes pluoe only when it is 
strewed beyond the yield point. Bat with concrete the 
elastic and pUatio conditions cannot be separated, \\1ien 
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the appUed load U remoTed from concrete a oartam amouat 
of dcforniatioii remnina. 

Cribbing : Same as formwork or shuttedng. 

CuKnj/ : Keeping the concrete damp after it has 
been placed ui ita position to complete the chemical oom- 
binstion of cement and water* 

Deniity of oflicrtlc : la the ratio of the aoHd volume 
to the total volume o f a iipeeificd mass of concrete \ It i& 
the percentage of solid mas^ Ln a given volnmo and may 
be taken as about 80 per cent for ordinary ooocEretc* 

Drop Panel : The stmctural portion of a flat slab 
above a supporting column, which ia thickened in the area 
Buiroundlng the column capitah 

Dtimper : A vehicle for trunsporting materials, eo 
designed as to be capable of discharging its load by forward 
tipping. 

Efferiive grain siw : la that sbw in which 90 per cent 
of the material by weight baa greater diameter particles 
and lO per cent o^y haa leaser diameter particles* 

Final 5el t Occurs when the concrete has definitely 
set but has not jret hardened sufficient for the formwork 
to be removed* Final set occurs in about three to four 
hours with ordinary’ cement and should not take more than 
ten hours. ^ 

Fineness Mod%ilva : A measure of the mean size of 
graded aggregate—term used in sieve tost. It is a factor 
foxmd by divSing the total of the percentages of materials 
retained On specified sievea (B. S. aevoa Nos. 100, 52, 
25. 14, 1, r. 1*', 3-} by 1€0. It gives an 

idea of the finenesa or cosraeneas of an aggr^fate; the 
leas the rmcnesa modulns, the finer the material. Gon* 
Crete mixes are BOmetinies designed vrith finenesa modnlits 
method. There is no fixed fWneaa modulus for each 
maximum aggr^ato but values within a suitable range 
are llkriy to give the best resulta* 

FtdaH set: A setting of cement or ooaorete whirii 
ocenrs suddenly (while being mixed and placed) and pre¬ 
vents further woridng of the material* 

Floaimg : Smoodiing the surEace of newly placed 
concrete or mortar witli a trowoL, 
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OrolU : A mixture of cement (with or without sand) 
and wat«r of a oonslst-ency about th^^t of cream. 

Hat^ning ■ the procaae that indioates the growth 
in strength of n mortar or cgacroto and Dommenoets at the 
end of the hutial set» 

Harsh miz : A concrete mix that cauacs d^ficulty 
in obtaining a smooth finish or good oontaot with forms, 
geaerally the result nf an excess of middle sized particlee 
or a dafioienoy of fine material to fill the voids in the 
coarse aggregate. An under-sanded mil. 

/ntt^ S^ing Time {of cemciit) : The period elapsing 
between the time when watdr is first added to neat csement 
to form a paste and the time when that paste eeases to 
be fluid and plastic to a specified degree under the Bpccified 
oonditions of tost. 

Knocking up; Brsaking up and remixing oonoreto that 
hoa begun to set. This should not bo allowed. 

Laitance : A watery *8oum' which may form at the 
top of concrete in which too much water has beoD used, 
or when too much floating or trowelling has been done. 
If laitance La not removed the upper partion of the concrete 
will be porous. 

Zican miz; A conoreto mix having a low oement 
oontent. 

Meeh : An aperture in a sieve. 

Fan mixer ; A concrete mixer comprising a horizontal 
pan or drum in which mixing U earri^ out by eccentri¬ 
cally placed paddles. 

Feripherot Speed : The circumferential velocity of the 
mixing drum of a concrete mixer. 

Plums : Hard, clean natoral stones used in mass 
concrete or foundations. The plums should not be larger 
than oae-thlrd of the crosa-section of the concrete. 

Poxsotanic matcrialSp such as surhhi also increase 
the workability of concrete and also reduce the evolution 
of heat due to hylraticn of cements and the hardened con- 
^tc is more resistant to chemical attack. This is used 
in mass^ concrete work. These materials have no cementiEig 
properti^ of their own. (See Section 12.) 

Punniniy : Same aa ramming. 

(?»H»rtcrinp: The procoea of obtaining a reduced 
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qaaiitity as Bamplc from a itin^a of ruattnal hy divtrfin^g 
& heap into four roughly eqtml parts, removing opposite 
quutera and then repeating the same process with the 
remainder until the desired quantity U obtained. 

Bendering : Adding a thin layer of cement mortar to 
the surface of concrete or brickwork, etc. 

Eelcrdtr : An admix lure which delays the setting of 
cement, thus tnercaaing the time during which concrete 
may be worked. Retarders decreaBo the rate of develop* 
meut of Btreogth and msj' reduce the ultimate atrengtb 
by aa much aa 60 per cent; they are used only in special 
circumatances. 

JJetrmperiTiy : Remixing with water of concrete or 
mortar after it has partly set. Refcempering ahnuld not 
be allowed eieept for patch repairs where retempered 
mortar or concrete is better than fresh material as it adheres 

bettor. ^ 

^icA mil: A concrete mis havuig a high cement 

content* 

Rodf : Term irsetl for rounds generally mider | aia. 
Jiodding : Same ae ramming, hut done with a bar 
of iron which can pass betw cen reinforcement, 

Seftiding : Obtaining a level surface as the correct 
height by mexna of a piece of w'ood or metal having a 
straight edge. 

S^gngatwn : The separating out of particles of ait- 
ferent sizes or different materials in a concrete mix. 

StUing : Is the chemicul action which begimi to take 
place when water Is added to cement and which 
the plastic nnttiro of cement to disappear slowly. We 
have ''initial and ‘"final set" of cement. 

jSicre AflofyitJ : The determination of the particle 
(die of a granular material (aggregate) by means of a aeries 
of standard sieves* 

^liciTTC ; Same as spading. 

Slvinp : The vertical depth through which wet 
cement concrete Rubaidea from stamlard moulded height 
when tested by the standard method. 

Slump Tea* 1 The determination of the slump under 
specified conditioiia of teat. 

Slurry ■ A thin paste of cement and water* 
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Spading : to roddiug, but done with a narrow 

tfpade cJc^ to the formwork. 

Specific Oraviiy : Tlie ratio of the weight uf any given 
volume of a anhstanco to the weiglit of an equal volume 
01 pure water, 

StHk'iny ; Di^^luantlmg and removal of formwork or 
centering. 

Swaiitig: E:!udation of moialure on the luider eur- 
taee of a conereto roof ala b due to the poasage of raiiiuto 
rjuantitiea of water through the tnatoria]. 

Tamping : Same aa nmuning. 

mixer: A mixer the drum of which can bo 
tilted. Tho matomltt arc fed in when the opening of the 

the *ho mixture is diacharged by tilting 

^ having one or two hon^ontal 

^hafta fitted with n number of tines or blades. 

T^rotoeKini/ = Smoothing over tho surface of concreto or 
ccnitmt. mortar rmidoring with a flat steel trowel, ' 

TrucL mircr: A mixer mounted on as olf-propolled 
chua^ capable of mixing nmteriaJa during transit fiom 
a batchmg plant to the point of placing, 

flo ''ill 

w 4 by w eigh t/«ize of sieve that w ill pass 10% by weight. 

If at^ voids : Voids in oDneroto resulting from the 
execaa of njccmg water above that required for the hvdm* 
ion of cement. In hardened concrete thej' may contain 
nir or water or both. ^ 

Weigh-batchcT ; A batching plant in which tho 
quantities of the difforoiit materials arc measured by 
weight. 

ikI ^ ^ commercial admixture material 

1 u ^ produce an iuLrease in the work- 

of a given mix without an increase in the water 
content; it enables the water to wet the solid partldea 

TXt 

ati^^iK 'icc^Jmpaniod by a loss in 

Birength, {See TJispcramg agent"). 

H iJifA : A HinaJI hoist, 

iriVe : Bound iron under 3/16' diameter. 
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Workabiitty % That properly of frealily migftH coD' 
erot« (or mortar) which dctctminea the case or diffieu/ty 
with which it can be mampulated or handled so as to pro¬ 
duce full compaction. Is a relative term. A workable 
mix is one of such consistency and degree of wetness^ neither 
too wet nor too dry, that it can be placed in the forais 
readily and that with spading or tamping will result in & 
dense concrete. 

Workability ayentJf. Finely divided materia Is such as 
fine 6and> clay, hydrated lime, talc, and pulverizicd chalk, 
etc* arc used to improve the w'orkability of mixes deficient 
in fines and help to reduce bleeding. Only a small quan¬ 
tity, say about 5 per cent of cement, should be used. 

Yidd {(if coMcre/e): The factor obtained by dividing 
the volanio of the mixed concrete as laid and measured in 
situ by the volume of the coaree aggregate U!$ed, Sometimes 
expressed as the volume of concrete per unit quantity of 
binder. 


AREA, CrRCUilFERENCE & WEIGHT OF ROUKDBAltS 
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■SPACIiVG OP round bars IN REINFORCED SLARS 

SoQt^ioufll ftraa gfatcwl pur foot width offthtb wIi&IX Hpapod as followH 
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SECl'ION 9 
TIMBER STRUCTURES 
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4 , Timber Decay *, * * »* 9/5 
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fl. RoofTrusses .* 9/12 
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t, GLOSSARY OF TERMS 

A log h ihc trunk of a tree w!th bracha lapped off. 

A balk or baulk Ls obtained by nearly squaring a log- 
When the tKicknas doa a not exceed 2 " and 
at the wme time the width exceeds twice the thicknasu 

Timber terms such as, Boards, Battens, Flanks, Deals 
Scantlings, Laths, Strips, have varying definitions (sisies), 
therefore while ordering timber scantlings sizes should 
be quoted. 

boMtalling—la carpentry and joinery, the method^ of 
fastening boards or other timbers together, by letting 
one piece into another in the form of the expanded tail 
of a dove, 

fuk-joiat —A splice where the pieces are jointed butt 
end to end and are connected by pieces of wood or iron 
placed on each side and firmly bolted to the timbers or 
the pieces jointed. 

FoX‘taii wtilglng -—Is a particular mode of morticing in 
which the end of the tenon is notched beyond the mortise. 

Rebate —A groove on the edge of a board, 

SizrA—The framework which holds the glass in a glazed 
window or door, 

SiuJ Of Stiiddiwg —^The small timbers used in partitio^ 
and outside wooden walls, to which the laths and boards 
arc nailed; 

a* STRUevURAL PROPERTIES OF TIMBERS 

Design of timber structures b based more or less ^ 
the same principles as steel structures except that the 
strength of a particular timber is very unreliable ^ com¬ 
pared to steel. Data for the strength of timbers is given 
at page 9/28 for the timbers generally used in India for en¬ 
gineering works- 7 'imbcr has minimum strength In 
condition and it increases in slrengdi as it gets seasoned. 
When the mob lure content is reduced to 12 per cent 01 the 
w'cight of the wood subaunce, the timber is said to m 
seasoned and it increases in strength by' 20 to 50 
working stresses given in the table at page g /28 art based 
on thb assumption. 
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From tcsis on limber it bas Ikch wdl established that 
its resUtanot to suddenly applied loads is much grraier 
than its resistance lo slowly applied or constant loading. 
The safe working stresses recommended in the tabic are 
for long continued or permanent loads. For suddenly 
plied loads pii^uting impact^ stresses up to lOO percent of 
the force producing impact no adjustment of worl^g 
stresses nor any assumption of an increased equivalent 
dead load arc necessary. 


The column for the weight ol timbers gives av«:age 
weight of a seasoned timber with 12 per cent ntoistuie 
contenu Weight is a good guide for the stren^h* A 
heavier scantling is generally stronger and a lighter one 
weaker than scantling of average weight of the same spe¬ 
cies. Very light scantlings showing a weight less than 75 
cent of the average weight should not he used as thcqi' 
ntay be unsound or very poor in strcngih* 

Appron. contents of a log in cTt.=lcngth X | girth } 


or 


sum of the three girths 


r 


4 

length 


AU dimensioTis are in feet, 
and centre. 


Girths are measured at ends 


Teat! for Softwoods or Hmrdwooil* 

SoJtujoods have long and narrow pdnted leaves and 
arc characterised by distinct annual rings; have straight 
grains, more uniform texture and light colour. Softwoods 
ate very strong for direct puU but weak in resisting thrust 
or shear. Hardwoods have broad leaves, dark colour^ 
are generally dense and have narrow and vrell dehned 
annual rings; are heavy, strong and hardn Hardwoods 
are capable of resisting all stresses equally well. Colour 
is a variable feature and no sure guide to its properties 
of strength and durability but a heavy wood id generally 
strong and hard. 

Softwoods are indented across the grain with a pressure 
of 1000 Ibs./sq. in. to a depth of [/ 20 th inch or more^ 
while hardwoods need a pressure of over 140 a Ibs.ysq, in. 
for the same indent or less. 
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Good CldkB Timber. In the same class of timber, 
the slower the growth or the narrower the annual rings, 
brttcr. The cellular tissue should be hard and compact. 
The fibrous tissues should adhere firmly togetherand should 
not the teeth of the saw or show woolliness at a fi*eshly 
Depth of colour indicates strength and dura- 
bihty. Freshly cut surface should be firm, shining and 
somewhat ^nsluccnt. A dull, chalky af>pearance is a sign 
ol bad bml^. In resinous timbers, that with least resin 
in Its pora is strangest and most durable. In non>resinous 
tirobers, that with least sap is best. 

3. SEASONING OF TIMBER 

^^ter felli^ the tree the bark should be removed im¬ 
mediately. If cannot be sawn, the logs should be stored 
undCT water or out of contact with water. If sawn, the 
omber should be sacked under shelter for seasoning in a 
dry place almut a foot above floor level with longitudinal 
and cr^ pieces arranged one upon another leaving a 
of about 2 inches in between for free circulation of air. 
Moisture enters and leaves timbers more readily through 
the end gram and special care should be taken to ensure 
that where water tends to lie on the end fibres of wood they 
arc adcqualdy protected by a water proof membrane, 
M Umbm often begin to deteriorate through an accumu- 
labon of moisture at these points. 

“Moisture content” of the dmber bean a definite 
relation to the relative humidity of the atmosphere, and if 
a piece of umber wi^ a low moisture content be placed in 
an atmoyhere of high relative humiditv, the wood will 
rapidly absorb moisture and expand. This is often noticed 
in the rainy Jasons. Denser varieties shrink more. For 
superior and indwr works, a moisture content of up to 
5 per cent may be taken, but such highly dried wood is 
very hygroscopic and should be soaked in some 
preservative to prevent the absorpiio of moisture. Well 
leasom^ wood lasts longer under all condiuons. 

h« hw'iT^h ^'^'“‘‘‘•"”*1'’' '?■; work when it 

.,.d V joiner-, work 

wnen i/3rd of its weight has been lost. 
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4. TIMBER DECAY 

Timber is liable to deterioration from a number of 
causes amongst which are fungi, insects, and ntarine borers. 
Fungi arc bw forms of plant life and arc the most destruc¬ 
tive damp is essential to their development and fungi 
will not attack dry wood with a mobture content of less 
than 20 per cent nor will they attack wood which b 
oompletelv saturated. Fungi grow by means of hair-like 
threads which travel through the wood, ultimately reducing 
it to powder; these arc responsible for the major part of 
the destruction of timber. No timber b knowu to be 
absolutely immune from attack although a few (such as 
teak) arc highly rcsbtant. Timber in a dry and well 
ventilated place or continuously submerged under fresh 
water will last indefinitely. When subjected to alternate 
dry and wet conditions, or used in dark, damp and un¬ 
ventilated positions, it deteriorates very soon. Wood em¬ 
bedded in ground w'ill decay unless treated with creosote, 
coal tar or some such material, or charred. Timber 
in salt or brackish w’ater is particularly susceptible to attack 
by marine boring organisms, the rapidity of attack depends 
on local conditions and the kinds of the organisms present. 
No species of timber in its natural condition is abmlutely 
immune from the attack of marine borers. 

There arc two kinds of rot, dry-rot and tert-rot. Timber 
exposed to confined air alone, without the presence of any 
considc able quantity of mobture, decays by dry-rot wh ch 
converts the wood into fine powder. 

Outbreaks of attack are nearly always due to excess 
mobture coming in contact with the wo^. Wet-rot may 
occur while the tree b standing. White-ants or termites 
arc also very injurious to timber. Teak, Sal,and Deodar 
withstand the attack of white ants. Remedial measures for 

white ants have been described in Section 7. 

Timber should be kept dry during construction for 
example, the erection of wooden door frames and window 
frames concurrently with the building of the brick w'alb in 
wet weather is to negative all the benefits of seasoning. 
The construction should be such as to protect the limber 
from damp during life of the building. All timber should 
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be pe&tectetl fitim ground moisture bjr providing damp' 
roof cQurscs. Where fk^or boards on ground floors arc 
fixed to sleepers laid on concrete or wood blocks direct 
to a layer of asphalt or bittiminous mastic should be 
provided in between. Timber should be clear of the in¬ 
fluence of damp earth or damp walb, and free from contact 
with mortar* All under-floor spaces should he well venti- 
bted. 


. I, ^ liable to detcnoratc from the time it is 

felled, and it is useless to treat timber which is intended for 
structural purposes after it has become infected* 

5. PRESERVATION OF TIMBER 

M«t efficient mrans of prcseri'ing timber are, good 
sea^ning and free circubtion of air* Protection against 
moist^e is afforded by oil-paint provided that the timber 
** JJerfectly dry when first painted otherwise the filling 
up of the outer ports only confines the moisture and causes 
^ pre-requisite for satisfactory' treatment is that the 
timber shall be seasoned so |hat the outer layers have a 
moisture content ofless than per cent, for exposed 
^f^ber the only remedy at present available is impregna- 
sabsiances poisonous tO' fungi, these sulntances 
bang cJther of the oil or chcnucal types* / 

Description of Preservatives 
OU Type Freser^^athes 

Qnd Tier Creta&te is a fraction of coal tar distillate 
is the rnost important preservatives of the oil type 
having been in use for a very long timej and is specially 
suitable Jbr the treatment of timber Ibr exterior use^ e-g.p 
railway sleepers, poles, piles, etc* It h mixed with fuel 
extent of 50 per cent by weight which ensum 
stability to creosote against e apuration and leaching 
firom the ir^ted timbe^^ Meaty is a product of 

co^ tar disdllatian and is generally applied without 
admixture of oil for brush painting. Although creosotr 
has been fairly saiisJaclory but after sometime iti exposed 
situation, it tends to leach out, and has an unpleasant odour; 
IS iKH dean to handle and the timber treated with it can¬ 
not be painted or poibhed* Since creosote varies widely 
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iti composition, the creosote used for i^ood preservation 
under Indian conditions shall confo^ to IS: 216—^1952* 
Surlace application of creosote has little if any* value and 
for satisfactory protection a deep [mpregnadon of the pic- 
servativc must be obtained* 

Coal tar is a good preservative (bnt not so effe tive as 
the creosote derived irom it) and is more snitable for sur¬ 
face applications. It is less toxic to wood destroying 
agencies and being very viscons docs not penetrate the 
wood deeply. !t should be applied hot. Coal tar is some-' 
times mixed with ordinary creosote. All timbers cmbed'| 
ded in masonry or in contact with masonry should be well 
tarred before erection with three coats of hot coal-tar 
into which quick Hmt powder has been thoroughly 
incorporated in the proportion of 2 lbs. of lime to i gRil' 
of tar. Framed joints must be coated with paint before 
frames are put together. When the end_ 01 a beam or 
any woodwork is buried in masonry or brickwork, an ale 
space of J in. should be left at the endsj, sides 

Chemical Type Organic Solvent Preservadvea* 

These preservatives are used after dissolving them in 
Suitable organic solvents such as, naptha, kerosine and 
white spirit* They arc clean to handle and. 
arc more or less pemLanent but some of them arc 
inflanunablc and care is ncce&ary in handling the solution* 
These preservatives arc applied cold and in most eases the 
timber treated with them can be painted or polished. 
DDT is an example. 

Water Solnhle Preaervativ*»*'-'TTicy arc compara¬ 
tively cheaper and the timber treated with these preser¬ 
vatives can be painted or vambhed when dry* The 
chemical solutions are, how'cvcr, apt to Icach out (and 
washed out, being water soluble) whoi the timber is ex¬ 
posed to wet conditions [f*r,, the preservative gets gradually 
depicted owing to the dissolving effect of water), thougfi 
more recent preservatives employ acidified solutions which 
after impregnation deposit the chemical in the w^ood as au 
insoluble salt. This leadung of the presenative can be, 
to some extent, minimized u a water-proof paint coating 
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H applied on the tueated timber and is properly maintained. 
Most of these chemteabi arc suitable for inside locations 
only for protecting timber not tn contact with ground, and 
are not suitable for works underground and severe con¬ 
ditions of exposure* 

"Ascu"^ has been quite successful. ft is in powder 
form and r part of the powder dissolved in i6 parts of 
water (by weight) gives a solution for ordinary use* The 
wlution can. be applied with a brush or the wood soaked 
'jL/ treated wood can be painted or polished. 

^nc chlonde has some fire-retardant properties also. 

. The most coimnon rncthod of applying a preservative 
IS by bnish, but this gives only limited protection. Better 
are obtained with a hot solution or by spraying, 
but dipping or steeping is much more effective StuI 
he obtained by using what is known 
^ the open hot tank and eoid process* Impircgnating 
timber by applying the preservative under pressure is the 
most cfFectivt method. 


to be treated should be dried to an appropriate 
rnoisture content and whenever possible ail work on the 
timber should be completed and it should be fully fabri¬ 
cated and all ditungs and drilling done before prescr* 
vative ^eatment is applied. Where subsequent cutting 
or working is unavoidable, preservative should Idieral- 
ly applied to the freshly worked surfaces. 

Fire-proofing Timber^ For fire-proofing timber, the 
method recommended is the pressure impregnation of the 
timMr ^th J^ge quantities of chemicals j the most common 
ot which art borax and boric acid, ammomum phosphate, 
sulphate and chloride* The siution used is generally of s 
cent strength* Fire-resistant paints arc also available. 
Tiite-washing is effective to some extent in retarding 
e action of fire. It is not possible to make timber fire- 
J^ool, chemials and paints only retard the action of fire* 
Iim^r can I* rendered non-inflammable in that it wiif 
not flame or glow- but merely char, and will not, therefore, 
assut m the propagation of fire* A dense wood offers 
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greater resistance to fire than a lighter one. Presence of 
resins and oils in wood increase combustibility. No wtxxl* 
work of any kind should be laid within 2 ft. 01 a fire- place 
or a fl^e- 

6. DESIGN OF BEAMS AND BATTENS 

AH timber beams are generally designed as simply sup¬ 
ported considering both strength and deflection. 

Timber ne\Tr fails by shear either along or across the 
gram. Design formula has been given at page 9/20 for 
Indian timbers used for engineering works. Deep beams 
are more economical than shallow ones but this proportion 
^ used only up to a ratio of about d/b of 3 be>ond 
which beams will have to be secured laterally so that 
have no tendency to turn over or fail by buckling. 
Beams are supported laterally by fastening boarding on 
top, by^ using ^ timber packing blocks, or by X braces, 
^ / u* intervals. Roughly, size of a lieam 

w (which may be used for supporting a ceiling as well):— 


Depth in inches 
Width 
Spacing 


:half the span in fi. 
*2'^ or more 
rI2" 


For a well pro¬ 
portioned beam 
bs=o.6 to o.75d. 


***‘*^”gth of a circular lieam is only 3/5ih that of a 
square the side of the square being equal to the dia- 

mctCT of the circular beam. The strength of a square beam 
on edge (when one of its diagonals is vertical) is 7/ioth 
of the strength when it is resting on 
either side. Strongest lieam cut from a 
i cylindrical log is one when breadth to 
/depth b 5 to 7. Draw any diagonal and 
'divide it into three parts as shown in the 
illustration. 



^ The width of a beam should not be less than 2" (1^*’ 
min.). For deep beams in floors and flat roofs the w'idth 
need ^t ^ more than 1/40 of the span, especially when 
boarding is nailed to it. 
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Timber Beams 

Distributed safe loads in lbs. on beams i inch wide.:— 

Tabic I—Simply Supported—Desired for Deflection with 
formula: 150 bd* /L* 


Clear 


in. 

4 

5 

6 


8 

9 

10 

II 

12 

*3 

*4 

S 

4 

1 

1 

9 

to 

5*53 

1171 

S 095 

3 a «5 

4800 

Sm 

9375 

162 

384 

1296 

307* 

4374 

600U 

112 

2€6 

520 

900 

1429 

2133 

3037 

41M 

82 

*85 

382 

661 

1050 

*587 

2261 

3061 

1 

83 

>50 

292 

1200 

1708 

2343 

50 

118 
231 

IS 

948 

1350 

1852 

40 

f. 

324 

>093 

iy>o 

33 

79 

111 

SI 

903 

>239 

28 

66 

>30 

225 

357 

533 

759 

1041 

110 

> 9 > 

304 

g 

j 

20 

48 

1 

39 « 

Tabic II — Simply Supported—Designed for 
formula: 180 bd*/L 

Strength with 

d 

in. 

Clear Span in feet 

4 

5 

6 

7 

8 9 

.. 

II 

12 

•s 

>4 

S 

4 

1 

1 

9 

10 

405 

720 

1125 

1620 

M05 

2880 

3645 

♦500 

12^ 

* 43 * 

2304 

raio 

S&x> 

270 

480 

1370 

1920 

*430 

4000 

231 

1200 

1646 

1083 

* 5 ‘y> 

202 

S6o 

to\ 

1103 

«440 

1822 

nso 

180 
320 
500 
720 
980 
1280 
1620 I 

KKM> j 

182 

288 

IS 

X 

1152 

;i? 

■*? 

>047 

>325 

i€^ 

>35 

240 

375 
540 : 

1215 
1500 1 

124 1 

221 

348 

X' 
886 ! 
1122 1 

•384 1 

>«5 

*05 

321 

& 

630 

75 » 

1041 

1905 


(a) The above tables are worked out for i inch width 
of b^m. Width of the actual beam in inches should be 
multiplied by these figures for full load. ^ 


{b) The tables will do for most of the timbers but 
where the formula varies (for the value given on page 
^'28) the same can be multiplied by the table loads and 
divided by the tabic co^ffiaent to obtain correct loads. 

(ej Where the ends of beams are partially fixed with 
bending moment of WL/to, Table I loads should be 
multiplied by 2.5 and Table II loads by 5/4, 
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7. DESIGNS OF COLUMNS 


l*he safe working stresses are given at page 9/28 for 
compression fparallel to grain) which have to be taken 
for the design of columns. The main design factor for 
columns b the slenderness ratio, 1./., the ratio of the unsup¬ 
ported length to the least dimension of cross section L/d. 

Short columns, where L/d b up to 10, may be designed 
for the full value of the compressive strength given in the 
table. For L/d betw’een 10 and 15, J th of the compressive 
strength should be taken and beyond 15, with the following 
approximate formula ;— 


Safe compressive stress in lbs=fx 


(■ 




where: f—safe compressive stress per sq. in. for short lengths. 
Ratios of (I — \ for various values of ^:— 


L 

A 

L 

A 

L 

A 

L 

A 

d 


T 

d 


d 


t to in 
10 to 15 
16 

1.00 

•750 

•9 

20 


28 

30 

•533 

.500 

38 

40 

•368 

• 3 SS 

•733 

22 

.633 

3a 

.466 

4a 

♦300 


.716 


.600 


•450 

44 

.262 

iB 

.700 

.566 


.400 

45 



The values are alwa^'s approximate for timber. No 

v^tx^en column should have L/d exceeding 45. Some 
^ngine^ recommend that in no case shall the smallest 
dimension be less than i/3oth of the height of the post. 

only 7/8th load where comers are chamferred. 
Round columns take about 0.77 load of a square column 
of the same side as diameter. 

The following safe loads in lbs. may be allowed on 
posts, lor common timbers:— 



Height ot P(Hi 

^ctioti of 
pbtt 

6' 

r 

8' 

10' 

12^ 

• 4 ''X 4 " 

6 ^X 6 " 

7100 

12600 

20000 

6500 

12000 

1920 

4 ooo 

11300 
18200 

4900 

9900 

16^0 

3800 

8500 

14700 
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The following sizes of posts arc recommended by the 
Bombay Municipality for timber-firamed buildings:— 


Height of Post 


Size 


(») Where the building consists of not more than one storey 

I Not exreeding lift. 1 5** N 5 ’' or 6” dia. 
(it) Where the building consbu of not more lhan tu,-o starr>-s : — 
Lowest or 1st storey I Not exceeding 11 ft. I 6" x6" or 7" dia. 
Snd storey ..I „ j 5" X 5" or 6" dia, 

(iti) Where the building consists of not more lhan three store>'s :— 


Ixmcst or 1st storey 
3 nd storey 
3rd ttore>’ 


Not exceeding 11 ft. 


I 7"X7''or8|"dia. 
b"x6"or 7" dia. 
5" X 5" or 6 " dia. 


(is) Where the building consists of not more lhan four storeys : — 


Lowest or ist storey I 

1 Not exreeding 11 ft. ! 8"x8'*or qi^dia- 

2nd storey .. 1 

1 * 7"X7"or8t''dia. 

3rd storey .. | 

i j 6"x6"or7"dia. 

4th storey .. j 

I 5" X 5" or 6 dia. 


The abosT sizes arc for hardwood, if softwood is u^, 
increase sectional area by 25 per cent. Where the height 
of posu exceeds 11 ft., the sizes shall be increased by 3/16 
of an inch for each additional foot of height. The posts should 
TOt be more than to ft. apart. Where the distance apart of posts 
b less or more than 10 ft., the dimensions should be propoctionatriy 
decreased or increased but in no case shall the smallest dimension 
be less than t/3oth of the height of the post or less than 5 inches. 

The comer posts will usually need a bigger size. In timber¬ 
framed constructions, there should be pros'id^ an additional post 
of the same size as the comer post at a dbtance of 3 ft. from the 
comer post in each direction, or alternatively, the comoc post 
should ^ ftructed at tliu distance into the top beam. 


8 . ROOF TRUSSES 


(For the design of roofs in general, see Section on “R00&”) 
The following types of timber roofs are generally used 



A couple re^f has only iw’o rafters haK’cd and nailed 
at the top without any tie. This type of roof is suitable 
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up to 10 ft. spans and on walls which can take thrust with* 
out spreading. A aupU dost roof has a tie fixed at the 
feet of the rafters over the walb and b suitable for spans 
up to i6 ft. with iS ft. maximum. Where headroom is 
required, a CoHar beam b fixed half-way up the rafters 
instead of the tie beam. Thb roof b not so strong as 
the couple close roof and b not used for more than 14 ft. 
spans. Ck>llar beams should not be ve^ high as that 
weakens the truss, i or high walb and high collars, knee 
braces should be proNnded. A collar or tie may be fixed 
to ev^ery third or fourth coupled rafters instead of to all. 
Where ties or collars arc not provided, there will be “thrust** 
on the w'alb due to truss loads for which the following 
thickness arc recommended ' 



Brickwork in lime 


Span 

Thkkncn 

Height of wall not 

Stone walling 



to exceed 

10 ft. 

9" 

7 ft* 


t 8 ft. 

• 3 l" 

9 ' 

14 ft. 

16" 

5 ft. 

Height must not 


• 3 r 

10 ft. 

excc^ 15ft. 


UV lyilVI 9 V>ctil piUiO lU 

vent their slipping. If a light king rod b fixed passing 
through the centre of the rafters at top and through the tic 
or collar at the bottom, it will make a couple close roof 
much stronger. These types of roob should not be spaced 
more than 3 ft. apart for 30 lbs. and 4 ft. apart for 20 
lbs. per sq. ft. roof load. 

In constructing trusses a full sized drawing of the truss 
u first made on a le\'el platform from which templates of 
all tenons, mortices and scarb, etc., arc made as a guide to 
ensure all the trusses being of the same size. 

For design load on roob, see Section on “Roob”. 

for Design of Roof Trusses:— 
kix size of battens according to the weight of the roof 
coverings. Min. size of battens b i^xij and spacing 
battens arc of softwood, take min. size 
* i X I J *. Fix max. span for the battens (or boardings) 
to the roof load (as simply supported beams). 
Spacing of rafters = Span/4-f 6". 

Check %vith span for battens. 
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Coupled rafters should be spaced the max+ distance 
apart over which battens or boardings will cany the load^ 
generally 3 to ft- 

Design rafter for deflection as a sbnplc beam with load 
normal to roof- Span of rafter is^L/2 4 “ 

angle. For rafters a span of 3 ft^ should rarely be exceeded. 
Common rafters arc con idered partly fixed if continuous 
and spiked to ridge pieces^ purlin and wall plate^ 

Battens and Parliiis in Sloping Hoofs 

Purlins and battens with half lap joints where scmiconti''^ 
nuity odsb over the supports need be designed only for 
strength as simply supported beams and not for deflecdonn 
In sloping roofs with no rigid covering such as boarding 
or sheeting, the battens, purlins, and bressumers are sul^ 
Ject to tangential force down the roof slope as well as to the 
normal force, but if they are designed as simply supported 
b eam s for the normal load and are nailed at each, rafter 
intersection they will have suffteient airength in both 
directions. 

Tiest Ties may be of wood or iron. 

WL 

Design tie for tcnsion=-’^jp 


W=w LD sec.^, 
w=wt. per sq. ft. of roof load (normal to roof), 
L^span in ft 


D=spacing of rafters, 
h=height of truss. 

Min. size of a tic is i" X 2 J-'" 


Section available for ten'- 
sion is the net area at the 
comieetion to the rafter, or 
at the joint if the tic beam 
is in. two pieces. 


A tie should have a min. bearing of &"' on walls or piers. 

Ties should not be used to support a ceiling for spans 
of more than la ft. without supporting the ties. Where a 
oeUing is supported, tics should be caimlatcd for a deficc- 
tion of L/4fe. 

Tic rods may be of steel or wrought iron and are refer¬ 
able to wooden tics. Diameter is 1/16'^ per ft, of span. 
Iron tics arc fixed in the centres of the raflm by drilhag 
holes in them and are cighlened up by nuts and washers, 
^rhesc ties should not be fixed on the sides of the rafters. 

Wbere there is an addidofial load on the tie (oonoen- 
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trated or distributed) a beam, find out the section re* 
quired» kccpintr a constant lAiidth^ due to this beam load 
and add this width to the section of the tie found from the 
truss load. Dcflcctioii will seldom govern. 

Tic beams may be given a cambtr of i (240. 

Tie beams should be checked for sdflhess deflcrtion 
where ceiling ts provided. A suspender from the ridge 
may be required with a ceiling- 


The following sizes may be taken for the design of minor 
trusses (couple close or collar beam)^ with roof slopes of 
r in 2:— 


Lo^—ao lh»./sq, ft. of roof utfiKe. 

Spijciii^—-4 ft, 

Twnber—S »1 or Teak 

Load—3a Du 

Spacing—a 

Tmlicr—Sil or Teak 

Load —90 IbL^iq. ft. 

Spacing— 

'Hisbcr—Deodar or KaO 

Load—30 IbL/sq. It 

Spacing—2''-0" 

ITimbcr—Deordar of Kail, 


Eflectivc 




Remarks 

span in 
feet 

Rafter 

Tie or 

ColUr 

Ridge* 1 

H 

a'^XS" 


3'"X7'^ ' 

^Rnftfn am nailed to 


ridge pole. 

10 

19 

a"x4" 

trxs" 

OC I'^Xi” 


SUe nf ridge pole n 
kunreEted on fy foe 

>4 

irxsr 

3"x7r 

cooimon cases, ThB 
ihouki be cacuUled 
for the load on rbc 



2"X5"' 

irx4" 


tooT span as a Hmple 
beast 

la 

9"X5l'' 



_ 


Kiiig*Po>t Tnius 


King-post trusses arc suitable Ibr spans up to 28 ft, with 
30 max. King-rod of mild steel or wrought iron is prefe¬ 
rable to king-post dia is about 1/24 in. per ft. of span, 
^rhe king-rod has a long thread and can tightened up, 
thus bracing the whole truss. It is difficult to get 
suitable timber for crussts beyond 38 ft. span, 

fUdgt PoU is provided over the king post truss to support 
the common rafters. Usual size is which should 

be fixed according to the roof load as a simple beam. 
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Table on the next page gives sizes of scantlings for 
different king-post trusses. Ci^-sectional areas of scant¬ 
lings are nearly proportional to the spacing of trusses, 

01^., if the spacing u made 5 ft. instead of 10 ft., the size 
of the rafter for 16 ft. span will be about instead of 

4'' X 5'^ and ricr versa. If softwood b used instead of hard¬ 
wood, the size of the scantlings (cross-sectional area) 
should be multiplied by 1.7. 

The size of purlins and common rafters should be 
calculated as beams under the roof load. 

The king-rod should be screwed up (at the bottom 
with the tie) wnth a washer and nut before the bolts in 
the strap are tightened. 

Steel tru scs are preferred for spans beyond 25 ft. 

Table giving sizes of scantlings for King-Post Trusses, h 
for Hardwoods (Teak, Sal, etc.). Spacing 10 ft., Slope of 
Roof I in 2 : 





Tie Beam 



Span 

ft. 

Principal 

I^lrr 

in. 

Suuts 

in. 

Wth 

Ceiling 

in. 

Without 

Ceiling 

in. 

•King 

Pom 

in. 

King 
Rod 
dia. in. 


Roof Lowl 45 I1 m./m|. ft. 


4 

4X5 

4X3 

4X5 

4X4 

4x3 

to 

4X5 

4X3 

4x5 

4 A 4 

4x3 

t 8 


4X3 

4X5 

4X4 

4x3 

30 

4X6 

4X3 

4X5 

4x4 

4x3 

33 

4X7 

4X4 

4x6 

4x5 

4x4 

*4 

4X8 

4X4 

4X6 

4X5 

4x4 

38 


4X4 

4X7 

4x6 

4X5 

30 

4X8 

4X5 

4X8 

4X7 

4X5 


Roof Lood 35 Ibo./M]. ft. 


•4 

4x4 

3x3 

4x5 

3x4 

4x3 

lb 

4x5 

4X3 

4x5 

4x4 

4x3 

t8 

4>‘5 

4x3 

4x5 

4x4 

4x3 

so 

4x6 

4x3 

4x5 

4x4 

4x3 

33 

4x6 

4x3 

4*5 

4x4 

4x3 

*4 

4x7 

4x3 

4x5 

4x4 

4x4 

38 

4x7 

4X4 

4x6 


4x4 

3 ° 

4x7 

4x4 

4x7 

4x6 

4x5 
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Roof Lomd 25 fit. 



4x3 


4x4 

3x4 

3X3 

k 

IQ 

4x4 

3x3 

4X4 

3x4 

3X3 

k 

[fl 

4x4 

4x3 

4x4 

3x4 

4X3 

} 

30 

4x4 

4X3 

4x4 

3x4 

4X3 

4 

33 

4x5 

4x3 

4x3 

3x4 

4X3 

4 


4x5 

4x3 

4x3 

4x4 

4X4 

1 


4x3 

4x6 

4x4 

4X4 

1 

ad 

4x6 

4x4 

4 X 6 

4 X 4 

4X4 

V 


Vaxiatioiu in the tpao, jrpacitig of rbe of UuBa^a^ pci cent 

will nulcc VO appnxuble diUbAicc in the Kctkim of the mcmben. 

*A wooden king-post of the old orthodox pracdoe is 
now no longer considered to be economical or structurally 
sound for a roof truss, and is a wasteful design. Where 
an iron rod is not to be used it b preferable to provide 
two scantlings of timberj about i§" thick and of width 
according to the design, one on each side of the rahers 
and the dc, nailed with the raHets and the tie, without 
n^ii^ any tenon Joints* The struts can also be Jointed 
dircdUy on to the tic and the rafters fwithout tenon joints) 
with iron stra^ fixed on to them* Where iron straps are 
not to be used for Joints, wooden pieces for lap joints 
can be used, and nailed. 

Spanngi qJ" Alinj-ptfrf Tnosif.* 

For ordinary loads of 30 to 50 lb«./sq. ft* the minimiuii 
spacing may be about: |(span-h4)» 

Spacing is not gener^y kept more than to ft.,, with 
13 ft* max. 

For riDoft with ceiling {heavy type) about Jth of the 
above spacings may be adopted. 

Vcmidah Roof* 

Plrijicipal rafters are cither prolonged by addition of 

another scantling boiled to their ddcs, or independent raf* 

tm are fixed on the main wail on one side and resting on 
the top of the verandah piUar on the other side* Pdiidp^ 
ratters tanymg a purlin arc placed at 8 to 10 feet apart 
^ ^he wfid th of the verandah exceeds 8 ft* For verandah 
feet, it is prertraHe to strut the principal 
iT?- M extent of ird of their length torn 

struts to spring from the wall at ^ feet 
to the floor level* In verandahs of widths less than 0 f«L 
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common raPkcrs arc used 15 to 18 Inches apart^ (with max: 
up to 3 ft-),, according to the roof design. 

To design scantlingSi treat as half trusses^ or calculate 
sizes independently as beamsH. 


W«ght9 of Hoofing Materials 

The following weights acting vertical (on horizontal 
projection) may be U^en for the roof coverings. These 
should be multiplied by the cosine of the roof angle to 
obtain weights normal to the roof surlace^ 


Asbestos sheets J" thick (corrugated) 
-do- .. (iloT) .. 

C-G-l. sheets 24 gauge 
C.G-l. sheets 2S gauge 
C.GT. sheets 18 gauge ,» 

Bituminous roofing f«t „ 

Glazed roofing (with glass witJi lead 
covered steel bars) 

Boarding thick 
Boarding J*' thick 
Etemit ^cets or tiles 
Slates on battens 
Slates on i" boarding 
Thatch with frame^ 9^* ^. 

Thatch with frame, 6"' 

Timber trusses light roofs.. 

Timber trusses hcas'y roofs 

Rafters 

Baiiens 

Single Allahabad tiles induding battens 
Double Allahabad tiles Including battens 
Nfangalore Tiles 
Nfangalorc tiles with fiat tiles 
Mangalore tiles bedded in mortar ovci 


tbs./5q» ft. 

3-3 

2.3 

1-5 

t.75 
■■ a.75 


1.5 


6 

3 

.. 2 

ff-S 

7 

12 

10 

.. G.5 

.. a 

3 

.. I 

0-5 

17 

34 

,. 11 

.. iG 


fiat dies 

Mangalore tiles with battens 
Flat and pan dies 
plain pan tiles 

Country tiles with battens, single 
tiles with ^ttens, double 


22 

14 

30 

22 

14 

24 



TUfSER structured 
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Allow^cc for weight of trusSj purlins, rafters, etc,, may 
be taken at 5 Ibs./sq, ft. for roo& agri 6 Ibs./sq. ft. for heavy 
Tooft, of covered area. 

Off Uie weight of truss may be tairen | — 

§ ^ lbs-/sq. ft. of covered area. 


Load due to wind pressure has aUo to be added (see 
Section on “Roof 

Roof Slope* are generally kept as follows:— Mui. 
Mangalore Tiles screwed down 
Mangalore Tiles not screwed down 
Pan Tiles .. 

Allalmbad Tiles, Country Tiles *. 

Nainital or Dalhousie pattern etc. 

Corrugated iron — commoo 
Thatciiroof ,, ,, I 

Slates .. _ 

Mud roof on dies or 0 . 0,1 ■ sheets ' 

Allahabad and country tiles will slip if laid steeper 
than t in a; tiled roofs leak if laid flatter than 1 in 2. 


I in I or 

steeper 

1 in 1 Of 2 

1 in 3 

I in 2 

J in 

t in 2 


I in 2 


1 in 2 

1 in 5 

t in t 

1 in 1^ 

1 in 2 

1 in 2 ^ 

] In ft 



Trus* Joint* 

Scarf yohits arc made to resist compression. 

^ The length of a scarf should bear the following propor¬ 
tions to the depth 



Without bolu 

-WiiL Uiu 

With bolti ^ 

fuh ptala 

Hardwoodx 

Softwoods 

& dEDfil 

12 timn 

a, dmc$ 

0 tiim« 1 

a UinQ 

4 tims 


Keys should be ^rd the depth of the timber. 

^ FbA Joinii are made to resist tension. For lengthening 
ties a plain j&xcd joint is most economical. The two 
ends of the beam arc butted together and secured on each 
side by means of bolts. 

Rafters should be half lapped at the ridge joint. 

Collar beam may be halved onto the rafter but the 
tnust not be cut in the centre. 

Tie of a couple dose roof may be halved on to the 
(both cut). 
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In compression joints, members are generally notched 
to bear on each other. 

As far as possible members should not be cut but 
lap joints should be made and fixed with iron or wooden 
straps and bolts. 

Glue should not be used in joints which arc exposed 
to the weather, and any hard stopping should be done 
with tight driven plugs. 

Iron Sdrmpa and Straps 

Stirrups and straps may be made out of 2"x}" bars 
for trusses of spans 20 ft. and over, and of 2"xV' bars 
for trusses below 20 ft. span. Three-way (T) straps may 
either be cut from solid plate or welded; they are made 
of wrought iron and fixed on both sides. ^Its are generally 
of I" dia. and fixed about 3 to 4 inches centres. Sumip 
ends are forged out of the bed strap which will give a 
size of I" di^ and dia. from 2"xi" and 2"x|" bars 
respectivdy. A long washer is provided at the top and 
the strap tightened with nuts. 

Bolts in timber members should not be placed nearer 
the edges of members than 2d, nearer the ends of ties than 
fid, doser together in the line of stress than fid, or closer 
together transversdy to the stress than 4id. All bolts 
must be provided with two washers. Bolt holes in timber 
and straps should be driven fit and not loose. 

For estimating purposes, the weights of sdrrups, straps, 
bdts, nuts and washers, etc., may be taken | cwt. per 
truss for spans of 20 ft. and above, and | cwt. for spaits 
under 20 ft. Wdght of the king-rod is extra. 

Wall Platea should be securdy fastened to the wall by 
I" dia- anchor bolts with i'-6" lengths embedded in the 
wall with plate washers at the ends, at intervals of 5 ft. 
Size of the wall plates may be 4" x 3" for spans up to 
12 ft. and 6"X4" above 12 ft. spans. Bed plates should 
be provided under heavy trusses. 

Heavy trusses must be anchored to the walls at each 
end with about f" dia. bolts 3 ft. long, with 4"X4"X 
washer plates at the ends. 
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Tests for Soimdness of Old Timber Tniucs 

Sag in a truss may be due to ikilure of spliccsj improper 
adjustment of v&tit^ rods or mishing of struti at their 
e^. Boring the members with a |-m* wood auger will 
show whether there is any decay inside j where iron rods 
pass through timber, decay occurs at contact pointi^, Sound¬ 
ing the iron rods with a «rna^l hammer will diow whether 
each rod is carrying the same amount of tension. 

9, PARTraONS 

Siics of the prindpai members of the frames may be 
tahen as follows t—- 

for spans not exceeding ao ft. „ ,4" X Z * 

” “ » n » 30 ft..... 

*' *» n tt ij 40 ft... .6" X4'' 

^e filling in pieces (called "studs” or “qnartcriiigs”) 
need not be thicker than a", or of just sufficient thickness 
to nail the laths on Vi them. They arc toioned to the 
top and bottom plates but butted and nailed on to the 
waces* If they exceed 3 ft. or 4 ft. in length they should 
be strength^ed by short struts or horizontal pieces, rall<!id 
noggii^ pieca”. The studs or quarterings for a lath- 
and-plastcr partition should be spaced at finom 12" to 18” 
c^tres I in a bnck nogged partidoii they should be 
i 3 Xa^ 3 ” to 3*^''apart. 

1., Work, Wooden battens iJ” to 2|" wide by 

1 to I ^ck are crossed dlagonaUy in oppoute directiDat 
OT at right angles, leaving a” openings in between them, 
and nmJed to frames. ^ ^ ® 

10. FLOORS (Hardwood) 

Floor boards should be to if" thick, 4" to 6'^ 
apa^^*^ ® to 12' long ; will rat on jo^ts, usually 15” 

1 deodar, kail or chir wood, the boards should not 
iess than i|" thick and not more than 6" wide and not 
ore than 10 ft long. For teak wood siie may be, i" 
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thick and 4“ wide. More usual is 12" X 4" by & ft. to 
lO ft. 

loints. Sides to be tongued and grooved or 
and ploughed. Ends will rest on the joist brlow and vf^\ 
break joint with one another. Heads of all screws to W 
countersunk ; two 3-inch screws should be um for cacti 
6-indi plank wherever it crosses or ends on joat. 

Single Floor# t 

Span for bridging joists la to 15 ^ 

Spacing centre to centre i a to 15 

Width -.a to a^ns. 

^ .... span in ft. . ^ * 

Depth inmches: ——^- 4-2 im. 

Bearing on wall plates .. 44 uu. 

When bridging joists exceed 3 ft. in length* they should 
be strutted apart at intervals of 4 to 6 ft. % struts i wide 
and of full depth of the joist, fixed at right an^ to the 
joists, or I 3" fixed 3 ^ herring-boning. (The stmts 
arc ^cd between the joists.) 

Donble rifMrfl 1 

Binders * * '» 6 to 8 ft. c* to c* 

Bearings on templates *» b ms, 

Brid^g joists rest on binders to which they arc notched. 

Framed Floof*. Girders are placed 6 to lO ft. c. toe., 
binders arc tusk tenoned into them ; as this method 
weakens the ^ers it is preferable to use iron 
To obtain max. stiffness breadth should be s/yth of the 
depth. Sizes diould be caljmlatcd as simple beams. 
Bearings on wall plates to be 9 tq 12 . 

Floors may be made high up In the centre by about!" 
20 ft, to allow for the subsequent settlement which is 
y to take place. 

Wooden girders should be braced laterally to pre¬ 
vent buckling when the ratio of length to breadth 
twenty j or designed with reduced fibre stress as follows . 



Breadth is us¬ 
ually .25 to .33 
of depth. 
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Percentage of redtiction 


Ratio of length to width 

30 to ^ 

30 1040 

1 40 to 30 

H 

30 loos 

PextUllage reduction 

S 3 1 

23 

^ 4 ° 

i 3 £- 


The ends of all timbers set in masonry should have a 
space of left on both sides to permit free circulatioTi 
of air 

In damp locations provide metal caps on masonry 
foundation walls under wooden beams j the metal sheets 
to project slightly on both sides of the walls. Damp- 
proof Course or a damp*prqqf layer should invariably be 
provided on aU walls^ An air-space of about 

should be left under the floors and venrilaticm 
provided. This will also stop termites. 


Where ceiling joists art futed^ they are notched on to 
the bridging joists or b'tndcrs. 

li. TRUSSED BEAMS 







Ks s^ouf fi.Spu 
•ooatQ 




Aetf 




j-SlL 


W\ 


Vp In itHRJt ft. Apu 

i H uiuferfe^T dittrlSutpd 
la >4 «r*r Ih* sirdir, 

^ ur or tvfi > 

tLibtr, 5lic*it tld* bjf *id*. 

(Some books give slightly difTerent valuesO 


I.K. fii t-op m 

TtmiM T ■ ^ 

*n 

C«ttr*iai4ci e - I ^ 

I If th« loHf ia cancaatr- 
■ a In tht »nira, tha 
I atm aaa «1U ^ luLf. 

In ta^ ta-ta « 

n ^ _ 

I - I' te ^ t 4 a Span. 
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12 , STAIRCASES 

Hafdwood should he used for sialxcascs, especially 
for treads. 

Woodca steps are geacrally supported on string which 
are sloping members, one on the outside, one adjacent to 
the wall and one intermediate between the ^o where the 
steps are more than 4 f^' widc» Treads and risers are cilher 
housed and wedged into the strings or the strings have 
their upper surface cut or notched to conform to the tread 
and riser of each step, the lower edge of the string remans 
parallel to the slope of the stairs* Ho^d or dosed stnngs 
have grooves or housings cut in their inner adcs to receive 
the ends of tlie treads and risers* The intermediate 
string which is also called a catriagt pif^f or a bfsrtr is not 
cut but the treads and risers are Eited on to it by small 
angle bloc^ or brackets* 

The following sizes may be used for hardwoods 
Carriage pu£ts with brackets hxed thereto : 

width of stairs to or 11 step flight, one carnage 
piece 2''X 4'% increasing for 4'-6'' wide stairs, 14 or 15 
step flight 10-2" xY\ When the width of staircase ex¬ 
ceeds 8 ft* two carriage pieces should be provided. 

Strings*. 2 ^^Xi 3 '^ for close strings wide st^ra 

10 or II step flight, increasing to Xt5^'' for clc^ strings 
(wall string) aud 3'Xi5'' for cut strings 4-6" wide 
stairs 14 or 15 step flight* *„*,,, j 

The strings should be not less than m thickness and 
of such breadth as will permit t" above the front edge 
of the tread and i" below the bottom edge of the 

riser* ... . , - 

Ticfflfr and iZtrrrJi Treads i j'' thick. With risers i 
thick for 3'-6 ' and 4' wide stairs cadi increasing by 
4 " up to 1and i V" rcspeetivdy maximum for 

Gttra width of stairs over 4 ft. The tread is generally 
made to project about i" to 1" beyond the face of the 
riser and rounded off to form a ^*no 5 ing" so as to increase 
the available width of the tread* ^ » j c 

For general derign principles of staircases aiid den-* 
uitlons of terms sec Section 7 on "hfasonry Structures * 
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13. DOORS AND WINDOWS 
Tabic showing Size of Frames and Parts £br 
Doors and Windows 


P>;ticul2is (d) 


Sixe oT 
frutbca 
(chowknu) 


Doon t 

Jramtd, parulUd or baHtnra 


DwUc, up to 4^X7' 

„ excewing 7* up to 
S'XS' .. 

,j eumdiog s'x6' 
Single^ up to X 6r 
„ «uoedinB 3^xS|' 
LeJgfd ciul BraoJ 
Double, up to 4''X7^ 

„ exensding 4'^X7' »» 

Single, up to S'X6i' 

„ ficoeding g'x&i' 

IjdgeJ anJ Cctmi^ daatt 
Double or tuigle lizci 
\Virt gaatfd* 

Double, up to 4^X7' 

„ CKceeding 4'x / 
Single, up to 3" X&l' 

„ exoediog *h 

lion-bAiml 
Gu^e doDCI 
Vflodows i 
Gkxed double, up to 3'X 5* 
,, upto4'X5' 

„ exee<ding 4 ''Xs' 
Gboed nngle, up to 
„ exceeding 2'X5.'' 
Iram-baiiTEd up to aj'xsp 
up toVxs' 

H 'Witb plank ihutten 

Fenligfa.ts * d. 

d efo t oi y widows ,, 
BAttEoed double, all lizei 
,, lingle aU «ixeA 
Wire gAuzed up to 3' X 5' 

„ exceeding o'Xs' 

„ ibuttEiA Do demtory 
windows. 


3 l"XS" 

3 '"X 4 t 

rx 4 r 

rx 4 r 


X 4 i 

X 4 r 


3 rx 4 r 


3 '*X 5 "(e} 

srxsrw 

(e) 

srxsrte 

fi"X4i'' 


Thickness 

oT 

leAVa 


V'xsl^ 
3 "X 4 
3"X4r 
3 "X 3 * 
3 "X 4 " 
4"X3" 

5 '"X 5 '' 

W 

3''X3'^ 

3"X4'' 

3'^X4*' 

3*"X4i'"W 


ir 

t" 

s' 

*r 

a*^ 

M 

arw 

i*” 

tr 

ir 

li- 

a'" 




iV 

iK 

a 


ir- 


^ Width of 

raili, styles, 
ledger 
braca 


sr 

4 "' 

4 *" 

4 

4 l" 

4- 

f 


4 

4 l“ 

4 i'^ 

e*" 

ar 

or 

s': 

3'' 


1 “ 

3" 

nr 


•lrX.PjM» is used it may be of ibte r S.W*W, i**xt 
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For the size of frames given in the table the first dimert'' 
sion b the 'depth* the dimension at right angle to the 
wall plane j and the second dimension is the 'breadth* 
the dimension in the plane of the wall. 

Sizes considered are for Deodar wood generally. 
Remarks : 

(aj EHmensbns given are out to out of the Ixame 
containing the leaves* 

(B) ij" ledges and braces and i*' battens. 

(^J Dimension given ii for a frame carrying two sets 
of leaves. 

(d) ledges and braces and i" battens* 

(r) Size of the frame to be the same as for the main 
door or window* 

Iron-barred shutters: stylesj top bottom and lock- 
rails to be aj" thick, framed together and filled in with 
round iron bars f' to diameter or f" square bars 
fixed at 4 to 6 inches central distances apart. The bars 
to be housed into the rop and bottom raib to a depth of 
I inch and to be passed through the lock-rail. 

Internal doois should not, as a rule, be less than 
® (min* 2'-3'^ wide by fi'-fi" high* A common 
rule for the size of doors is: height^width-t-g^ to 3 ft. 
Doors of greater width than 3, ft. are generally made in 
two leaves* The size of doors named is the size of the 
clear opening between the door frames, the size of the 
opening through the wall being greater. 

Middle of rail is 2^-6" above floor level. Where 
mortice beb are used, the lock rail will be not less than 
3 inches wide. 

^ styles and rails should be properly and accurately 
mortised and tenoned* The thickness of the tenon 'should 
not exceed one-fourth the thickness of the plank and the 
width should not exceed five times the thickness. All 
rails over 7 inches in depth should have double tenons. 
Framed joints should be coated with white lead before 
the frames are put together. 

^ Jambs for doors and windows may be splayed a or 3 
inches to the foot on the inner sides in case where a door 
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oe window opens inward. Splayed jambs arc not sxiitable 
unless there is a good Interval between the windows or 
doors as they are weaker than square jambs. 

Venetuned Doors aiul Wlikdow* 

Blades are generally 3^" wide by thiek and 
lap about half their width ; they arc paired to a moulded 
stanchion by 1" hinges or by wire clips and havcroimdcd 
edges. The frame of each shutt« is rebated outside all 
round in the sides and bottom rail and in^dc on the top 
rail. The ends of the blades arc rounded off in the centre 
to I" diameter by t* bng, and fit into holes m the re¬ 
bated portion of the frame, 

Windows , « - / c" 

Normal height of windows above floor a 2 ^ ^ 
in cUrtstoty uiindows the leaves arc hung I off-centre 
to make them self-closing. 

Hold F«t* can be made from t f ^ X t i" sted ban bent 
over at both ends leaving 13!'' dear length behve^ Iwods. 
One end should have a screwed hole to which the frame 
is secured by a bolt f' in diameter. Give an additional 
hold-fast on each side where no sill has been provided. 
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WoiUng Stmao lor DiiSertnt KladAiif Timber la 




/ 

Shear 

! Comp- 

Trade Name 

Weight 

lha*/cJL 

Temile 
itr™ 
in Bend¬ 
ing 

Hbri- 

xontal 

Along 

graini 

Paraltel 
to grain 

1 

* 

3 

4 

5 

6 

Fir, Portal .» 
Babul^ Kikar ^, 

lUdu ., ^ ^ 

Toon 
^ Deodar 

Walnut, Akhm ,, 
Bcntt^ ,,, 

Lendl, Vcnteik . . 
Spruce ,, 

^ XaU, Blue Pine «, 
Chtr „ „ 

Burma Paudak 

Sal (ALP.) *1 

- Sal (Bengal, UP-) 
Teak (S. India).., 
Teak-MP, Bnoibay 
Ariun 

Sm ^ ,* .J 

^9 

4a 

33 

so 

is ^ 

M 

50 

50 

55 

43 

39 

y> 

■ _1!__ 

&b 

aso 

135 

105 

zoo 

tao 

ISO 

—. 80 

90 

190 

*35 

-IS 

- 140 
140 

_ 

lao 

3*3 

iqa 

150 

*43 

170 

1B5 

040 

lao 

US 

130 

375 

190 

igo 

3 W 

300 

SM 

ajo 

am 

850 

iGw 

1300 

900 

1 too ^ 

95a 

1250 

'IS 

-730 - 
900 

aoyj 

1300 

1500 

19D0 

1500 

1350 

1050 


(*J Tbe lirs^ih cf ibc tuDbers given in tiie able j^rgirufc 
VVbfifc tbc timber li of cxccptioaolly' good quality or 
acoordingly. 


(b) The Ewommenflcd wfe worling ttrasa are tof 
dry Of [A>teclcd Jram weath«r» For work] built in out- 
vetting and quick dryings the tafe tcndl lirena (Col. 
by 8/9. VMtoe the timben an in continuouaty vet 
npettivly. 


* "lexlia Forest Rccordi”—The Focot Rocartb Inttitutc, Bchra Duo 
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lb*. P«r iqK loch ud Co^fficieou tot Dvalpli of Btmmm 



EXPLANATION: 

Ool. 

li TF *”^- 6 bce itrcai 
dniga dI boou vud otluT 
{mxioa mHnbcn. 

4. For dcnsn ot beams. 

5. For design of Ebsiciimgtt 
boJu dowd joiots. 

Gt For dedgn of short 
eoumns. 

Bcxiding indment vtdua 
have tjiVm for simply 
xupported beams wit h WL 

—T’ 

Where W is in Ihc., L zs in 
fL, b and d are in inches. 
Dcfloetipei is laken U^- 
For round boms multiply 
the strength and deflecuon 
eouatvns by 1.7 which, 
will give the vales for d® 
and 

Wbere beams ate subject to 
continuous heavy loading 
the Modulus of Elasticity 
should be reduced by 75. 
to JO p£, of the tabulai^ 
'i'sJm or the bra mg should 
be calculated for lesser 
deflation, than LfgSo- 


for ordinary good class limbert having only minor defect^ 
bad qualify^ the itfcagth ibould be increased ix decreasd 


iniide locations, where the divibcrs will r^ain continuouiJy 
side ioeationi oe where timbo^ are oocaBonady subjected, to 
3 ) should be multiplied by 5/6 and safe ^presiioD (Col. b) 
poiition, the iiressra should be nLultiplicd by 2/3 and Bfit. 
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■n 
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* 

a?.5.s 'S-sg.g ssi'Si'a 
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oaopip pinou — ^Cnp wyp^ptp 
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« 
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n 
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Hinges. 2** scrovs are used with 5>m. and 6>m. 
hinges and i" screws with smaller sizes. 

Rendering Panes of Glass Opaque 1 


Mix the whole till 
becomes plastic. 


I lb. 
4 oz. 
I oz. 


White lead 
Linseed oil 
Varnish 


The mixture should be applied by tying it up in a 
piece of linen into small balls and tapping these balls 
against the glass. They should not be rubbed over the 
glass as, if this is done, streaks make their appearance. 

(For Glass and Glazing see Section 12.) 

Wire-Ganxe 

Fly-proof gattzf —9 or 10 mesh to the linear inch with 
20 or 22 gauge wire. 

Mosquito-proof gasuM —14 or 16 mesh to the linear inch 
with 28 to 30 gauge wire. 

Fly-proof wire gauze admits only 50 to 56 per cent of 
light and mosquito proof 64 to 68 per cent. 

Wire gauze I2X12 meshes to the sq. inch made from 
22 gauge wire is used for general purposes. 
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GcnerAl Definitions of Terms 

Colurrut is a general term applied to vertical members 
supporting a lo^ the length of which exceeds three times 
the least lateral dimensions. It is also defined as **an 
isolated vertical load bearing member.’* 

Stanchions are columns generally carr^’ing heavy loads. 

IHUar is used for round columns. 

Pier is used for bridges. 

Post is usually of timber. 

^ Pedestal is an upright compression member whose 
height docs not cxce^ three times its least lateral dimen¬ 
sion. 

Stmt is a pillar, stanchion, column or other vertical 
or inclined compression membCT. 

Effectioe lateral restraint. Restraint which will produce 
sufficient resistance in a plane perpendicular to the plane 
of bendir^ to restrain a load, beam, or column from buck¬ 
ling to cither side at its point of application. The term 
’‘restrained** refers to restraint against crippling due to 
an axial load. 

Sectional areas. The gross sectional area is the area of 
the cross-section as calculated from the specified size. 
Net xctional area is the gross sectional area less deduction 
for rivet and boll holes, etc., where specified to be deduc¬ 
ted. The diameter of rivet and bolt holes for deduction 
shall be assumed to be i/i6 in. in excess of the normal 
diameter of the rivet or boll. 


Slenderness Ratio : 

The strength of a column or strut depends on its slender¬ 
ness ratio and the method by which the ends are fixed. 
Columns generally fail by buckling unless the length is 
very small. 

Slenderness ratio 

effective length or unsupported length / 

least radius of gyration r 


Radius of gyration 


V? 


or I>*A f* 



columm and strlts 


The measure of stiJfiiESS of a member is the ratio of 
its Moment of Inertia to its length. The most ecjononucaJ 
section is that which for the same area of cross section 
has the greatest radius of g>'ration. 

Long Columns tend to fail by bending in the direction 
of their least dimension (or the least radivts of gi^ralion), 
therefore, for economv of tho material variation between 
the maximum and minimum radii of gyration about the 
two principal axes of the section and the value of A/r 
should be as small as possible. The best forms are then 
circular and square tub« and the least satisfactory form is 
a rectangular section. For this reason single sections 
of rolltd^tecl Joists^ angles or channels etc. are used for 
light columns and for heavy columns tts'O or more sections 
Mc joined or extra plates are fiJtcd to the ends of rolled 
joists. Methods for calculating moments of inertia 
and radius of gyration are given in Section 3. 

Where single angles are used as columns or struts 
Cither (ij only the gross area of the connected leg should 
be considered and strut designed as an exially-Ioaded 
member with permissible working stresses given in the 
tables following to compensate for the eccentricity of 
the end connections or, (ii) full cross-sectional area of 
the ^gle be considered and only jrd of the permissible 
Working stresses be taken. Effective length should be 
taken o ,B of the length of the strut, centre to centre of the 
lastenings at each end. No deduction is made for rivet 
holes for calculations of radius of gvTation and modulus 
of section. 

Ma ximinn Slendenteaa Hatio of Steel Stmts i 

_Thc ratio of eflectivc length to the least radius of gy¬ 
ration of any strut should not exceed the following values : 
(aj For any member carrying loads resultuig 
from dead weights and superimposed Loads. 180 
(^3 For any member carrying loads resulting 
from wind forces only^ provided the defor- 
uiation of such member does oot adversely 
affect the stress in any part'of the structure 250 
{c) For ties in roof trusses or any other member 
subject to rctxrsal of stresses from the action 
of wind suction. 35^* 
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Some engineers recommend iliat no steel column 
should have a value of Ifr more than 150 for main memben 
and 200 for secondary members in compression. 
Slaidnncss Ratio for Bridge Structures : 

l[r should not exceed 100 for main members and 125 
for bracings. 

Euler’s and Rankine’s formulae arc not now much 
in use for practical works, therefore, have been omitted. 


Safe working stresses in tons/sq. in. of gross sectional 
area for axial compression loads on struts:— 


Ur 

I New 

! Steel 

Old 

steel 

Ifr 

New 

steel 

Old 

steel 

Ur 

New 

steel 

Old 

sted 

0 

to 

0.00 

8.51 

8.00 

740 

70 

75 

g. 

5-38 

5-41 


2.30 
2.TO 

3.0a 

i.8t 

*5 

8.27 

7-29 

80 

5.1a 

4.8i 

*2° 

1.86 

1.82 

20 

8.03 

7-I7 

85 

4.87 

4.60 

180 

1.68 

1.46 

25 

7.78 

7.05 

90 

4.6a 

4-33 

190 

1.5a 

‘S 

JO 

7-54 

16.9a 

95 

4-37 

4.S 

aoo 

*•39 

1.21 

35 

1 7-30 

6.79 

too 

4-'3 

3.81 

ato 

*.27 

1.10 

40 

' 7.06 

6.64 

105 

3.90 

3-57 

aao 

1.17 

1.07 

45 

' 6.81 

6.48 

I to 

3.87 

3-34 

230 

t.o8 

0.03 

50 

6.57 

6.30 

115 

3-48 

3.>3 

240 

0-99 

0.86 

55 

8-33 

6.10 

130 

3.a6 

a.93 

250 

0.9a 

• • 


6.09 

5-89 

130 

a.89 

2-58 

300 

0.65 

• • 

S5 

5.84 

5.66 

140 

2-57 

a.w 

350 

0.49 

• • 


/ is the cfTcctive length in inches and r the least radius 
of gyration in inches. Intermediate values may be de¬ 
termined by interpolation. 


^^ew Steel —Structural Mild steel manufactured accor¬ 
ding to B.S. Spedfkation 15 : 1948. 

Old Steel —Structural Mild steel manufactured accord¬ 
ing to B.S.‘Specification 15 : 1936. 

Cast Iron Columns. No cast iron column should have an 
unsupported length neater than 80 times its least radius 
of gyration. The following working stresses may be 
^en for cast iron columns for various ratios of //r, work¬ 
ing stresses usually used in compression free from flexure 
are i to J for dead weights, and | for columns free from 
vibrations, of the ultimate strength. 











COLUMNS AND STRUTl 


VO /5 


Lit jatiio 

*5 

20 


30 

35 

40 

45 

Working Stress 

4.30 


3.86 

3 .^5 i 

3*54 

3.33 

3.12 

L{r nirio 

50 



65 

70 

75^ 

Ito 

Werking StTCU 

a *$2 

a.TD 

2*50 


i.od 

1.87 

t.66 


L u tbc actual l«~n g tN of column in inches, uid f the Ico^t roxliuj 
nr gyradon in inches. 

I-Sfrction Sited Calnmns Encused la Concrete 

If a steel strut of I^scction is solidly encased m cement 
concrete of i : 2 14, muc TAith a cover of at least 2 inches 
all round its surfaecsand edges (so as to increase the width 
of the flange by 4 incho) and the easing is reinforced 
horizontally with binding wires of at least 3/16 in. dia, at 
S'in, pilch m the form of stimps, the least radius of gyration 
may be talcen equal to ^th of the width of the encased 
column in inches, i.e.^ | {width of the steel flange+4 ins.) 
The load on the encased section shall not exceed 5® 
cent of the load permitted on the uncased steel section 
nor the ratio tjr of the steel section exceed 250. 

The min. tjiictness of flange or web plates of a built- 
up Column in a multi-storey building should be not less 
than I in. In all other cases, steel should be not less Aan 
i in. thick except in the ease of standard rolled steel sections. 

Effective Length of Struts 


Type of Strut ' 

Effective length 

1 of strut 

Both ends held in portion and restrained 


in direction (fixed ends)* 

0*7 I. 

Both ends held In position and one end 

0*85 L 

restrained in direction. 

Both ends held in position but unrestmined 


in direction* 

L 

One end held In position and restrained 

KO I. to I .5L 

in direction and the other end partially 
restrained in direction but not held in 

according to 

the degree of 

position. 

restraint. 

One end held in position and restrained in 
direction but not restrained at the other 

2.0 L 

end in position and direction. 
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The actual length L of the strut b the dbtance mea¬ 
sured between the centres of lateral supports. In the 
case of a column provided with a cap or base the point of 
lateral support b assumed to be in the plane of the top of 
the cap or the bottom of the base. In practice no strut 
b completely fixed or hinged at the ends and the half- 
fixed end conditions can be generally taken in design; 
full theoretical fixidity b not attained in a stanchion as 
ordinarily used in a steel frame building. Stanchions fixed 
by anchor bolts at the bottom are considered partially 
fixed. The end of a stanchion can only be taken as fixed 
if it b fixed in two planes. Where it b fixed in one plane 
only as in the case of the stanchion supporting a gant^ 
girder, it should be taken as fixed in direction but not in 
position. 

Stanchion Bases 

The foot of every stanchion after riveting up complete 
with all gussets, cleats, etc., should be machined over the 
whole area so that the ba^ plate b in effective contact 
with the whole area of the stanchion foot, and all joints 
should be close butted. When it can be assumed that 
the base slab (or plate) dbtributes the loading uni¬ 
formly, the min. thickness in inches of a steel rectangular 
slab can be found from the formula :— 

■-VTF?) 

t=slab thickness in inches; pespressure or loading on 
the base in tons sq. inch ; fee permissible bearing in 
steel (i2 tons/sq. in.) Vsgreater projection of the plate 
beyond the stanchion in inches; y*= lesser projection of 
the plate beyond the stanchion in inches. 

In general practice the width of the base will \ary 
from 2 to 3 times the width of the stanchion and the height 
of the gussc^lates from li to 3 times the width of the 
stanchion. The base plate should not project more than 
8 times its thickness to avoid shear and bending moment 
in the plate itself and for the overhanging portion acting 
as a cantilever. The number of rivets connecting the 
base plate to the stanchion should be’^fficient to carry' 



COLVUNS AND struts 
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jrd of ihc total load provided the TCmamder is transmitted 
by irect bearing. The size of the cap should also be as 
small as possible to prevent eccentricity of loading. 

Stanchions supporting upper door loads and roo& fre* 
quentiy require to be spuecd. The joint should be made 
just above the girder connections (say ft.) at any storey 
IcveU The ends of the sections to be jointed should be 
planed to obtain good contact^ and suffidnt rivets must 
be provided on each side of the joint which can always 
carr^' the bending moments and the ajdal loads when the 
two ends arc not machined. Loads on the lower ^storey 
stanchions will be reduced as explamed in, the Section on 
Foundations/^ 

Masonry Footiiigs under Stanrlilcme 

The thickness of the concrete should not be less t^n 
twice its projection (to avoid cantilever action); give 12 ins. 
min : The thickness of the stone cap or template should 
not be less than Jth of the length of its side, or less than 
1 1 times the projection Grom the base plate* Hola 
should be provided where necessarY in stanchion baS 4 
for the escape of air when grouting is done* 

Bedding of stanchion b^ea should not be carried out 
until the steelwork has been finally levelled, plumbed and 
connected together, the stanchions being supported mcan^ 
while by steel wed^. In multi-storey buildings beddings 
must be postponed until a suffident number of bottom 
lengths of pillars have been properly lined, levelled^ and 
plumbed and at least two floors of beams fixed in position. 
Eccentric Loads 

Columns with eccentric loadings have to be designed 
for combined bending and direct stresses* The max. com¬ 
pressive stress at the extreme fibre due to the bending 
actions (about each principal axis) shall be added to the 
axial ]o:^]ng (per sq* inch) * The sum of these stresses at 
the extreme fibre shall not exceed T : 

where Ts=;d-l-c | 1 —^ | | —.002 | 

d=±totaI axial load on column in tons divided by the 
gross cross sectional area of the column in sg- inchmj 
c—7*5 for mild steel, p—workmg ttres for aria! 
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compression load per sq. in., specified in the tabic at 
page 10/4. 

The stress can be worked out as usual from the equa¬ 
tion : ^ W , M 

*** "a ^ Z 

The allowable stress specified in the table at page 10/4 
for the factor of Ifr can be increased to T owii^ to part of 
the total stress W/A 4-M/Z being due to bending. It 
should also be checked for the allowable working 5tr« 
under direct load as the section should not be smaller 
than for under direct load. 

Or alternatively, members subject to both axial com¬ 
pression and bending stresses shall be so proporuoned 
that the quantity 

^4.^docs not exceed unity: where—fi»»the axial 

compressive stress; Fj- the permissible compressive 
stress in axially loaded struts( see table at page iP/ 4 ) »*^s “ ® 
sum of the’ compressive stresses due to bendmg abo 
both rectangular axes; F,™ the min. permissible compre»ivc 
stress for members subject to bending (10 tons/^. *®‘); 

If the bend^ stress is induced due to wind, the working 
stress may be increased by 33 per cent. 

Example of an eccentrically loaded column: 

A io'’x8'’ R.S.J. of height 20 ft. is to ^ l^dea ^ 
indicated with ends adequately restrained as both cnas i 
position but not in direction. 


Area of R.S.J.=si6.18 sq. in. 
Least radius of gyration =* i . 84 
Modulus XX =*57.74 
Modulus YY=13.69 


T 


5 J\- 


U-«— —1 


Stress due to direct load =d =* =1*24 tons/sq. in. 

Stressduciobcnding-=^^^4.—a.50 tons/sq. in- 
57-74 .* 3 -^ 

Total strrss*=3.74 tons/sq. in. 

/ 20x12 
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Allowable axial stress with //r 130 is 2.58 tons.sq. in. . 
(for old steel) 

This stress can be increased to T owing to par* of the 
total stress of 3.74 tons/sq. in. being due to bending. 




H.09 


The actual stress of 3.74 is less than this, therefore,safe. 

Lattice Bara arc provided to reduce the slenderness 
ratio of a long strut, and for connccung together w 
more sections. The thickness of flat lacing ^ shall be 
not less than one-fortieth of their length for single lacing, 
and one-sixdeth of their length for double laang. Single 
lattice bars must not be longer than fifty tunes their 
thickness, and double Uttice bars sev'cnty five umo their 
thickness. >Yidth to be not less than thrw t^es the dia¬ 
meter of the connecting rivet. The angle of inclination o 
single or double lacing bars shall not be less than 45 deg. 
to the axis of the member. 

Where a column or strut is built up of separate "'cmbm 
laced together the max. spacing of laang bars shall be 
such that the slenderness ratio, Ifr mm. of the components 
of the strut between consecutive connections is not greater 
than 50, or 0.7 of the min. slenderness ratio of the stmt 
as a whole, whichever is the les^r, where I is the distance 
between the centres of the pairs of connections of the 


lattice bars to each component. 

The lacing system, as far as is practicable, shall not 
varied throi^h the length of the strut. Where welded 
lacing bars overlap the main members, the ainount o 
lap shall be not less than 4 times the thickness of the 
or mean thickness of the flange of the member to which the 
bars arc attached, whicho'cr is the lesser. 


Where laced compression members are provid^ wth 
tU plaUs at the ends of the lacing systems, *c.ducknc« oi 
the tic plates shall be not less than one-fiftieth of their 
length. 
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L LOADINGS FOR DESIGN OF ROOFS 

The following loads should be taken into account for 
the design of roofe :— 

(i}SiiperiiiipOBed loads; Comprise all loads other than 
dead loai^ such as live loadsj snow loads and wind bads. 

(ri) Dead loads due to the weight of the roofing 
materials such as trusses, purlins, battens, sheets or slabs, 
tiles, ceilings nr any other fixtures. 

Imposed Loads other than Wind Load 
LxO€ IfiCKt 

(fl) For a roof to which access b premded other than 
that necessary for cleaning and repair, (i-r.i a roof which 
b to be used for sitting or sleeping), the minimum 
imposed load shall be 30 lbs. sq ft. measured on 
plan, Subject to a minimum load of *240 lbs. per fu 
width of the roof slab or covering uiUronnly distributed 
over the span, and 1920 lbs. unimrmly distributed over 
the span on any beam or truss. 

(A) For a roof to which no access b provided other 
than that necessary for deanirig and repair, the minimum 
imposed load where the slope of the roof docs not citceM 
30 deg. shall be 15 Ibs./sq. ft, measured on plan, and for 
a roof with a slope greater than 30 deg. the minimum im¬ 
posed load shall be 13 lbs. less i Ib^ for every 3 deg. by 
which the slope exceeds 30 deg. No imposed load is 
necessary for a roof with a slope greater than 73 
a fiat sheeted roof. 

Sttow Loads 

Snow weighs 3 to 12 lbs. per c. ft. when ftesh and 
15 to 50 lbs. per c. ft. when compacted. Snow loads 
where applicable shall be taken at 10 Ibs./sq. ft. per foot 
deptlt of Snow anticipated. 

Where snow is Ukely to occur, a min, value of 25 
sq. ft. of horizontal covered surface should be taken for 
all slopes up to ao deg,] thb load may be reduced 1 lb. 
for each degree of slope above 20 deg. No allowance 

“Tbai u, ruin: foad should be 2401ihs. per fk widlb olT tl*b for 
mans up to 8 ft. aud. Ib^. for aEI waml^supporltns ilatu Of ■OOV«^ 
in^i) up [0 An area of 64 sq- fl. The luld of JQ Iba./iq, ft. becoiPM 
operativE pt ipAoi of 8 ll. *dd on preu of 84 jq. ft. 
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for snow need be made for roo& sloping i to i or steeper. 
Make allowance for snow on both sides of a sloping rood 


WIND PRESSURE 


Docriptioa of 


Vdoaty 

in 


wind 


per hour 


Strong breeie 
Moderate gale 
Strong gale 
Whole gale 
(trees t^rooted, 
structures 


*7 

S3 

50 


danuged) 
Storm (wi^ 



Violent 




39 

68 

over 75 
too 


Total pressure of the wind 
on a surface normal to the 
current of the wind b :— 
P»! 0 .oo 256 kV* 
where: 

P=prcssure in lb8./sq. ft,, 

k sco-efiicient depending on 
the shape and dimension 
of the surface, 

V =:velocity of the wind 
in miles per hour at the 
height of the surfiioe. 


Y 30 33 60 65 70 75 77 80 ^5 90 95 too 105 109 113 116 

jf 8 10 la 14 17 19 ao M 25 a8 30 34 38 41 43 46 

V =velodty in miles per hour, P=horizontal pressure 
due to wind in Ibs./sq. ft. of suHace exposed. 

Average Wind Pressures According to Height on a 
Vertical Surface :— 


Ho 103030405060708090 too 125 150 175 aoo 250 300350 4M 

H =average height in feet of the exposed surface above the 
mean retarding surface, P^total horizontal effcct(pressure) 
of wind in Ibs./sq.ft. 

The above wind pressures should be doubled for works 
along a 50 mile wide coastal belt areas subject to heavy 
storms, and increased by 50 per cent for works on hills 
according to the height and locality, and halved for the 
central planes. 

Wlien calculating wind pressure on tall structures, 
the total pressure to be adopted should be worked out 
in successive slabs of 10 ft. in height for the full height 
of the structure. 

^ No wind pressure on buildings need be allowed if the 
hdght of the building b less than three times its effective 
width, and where adequate stiffening b provided by croai 
walU or floors. In coastal areas, however, where the 
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he^ht exceeds twice the cflcctive width, wind pressure 
shen^ be considered. 

Wind pressure near the ground b less due to friction 
•fwt is more on small areas than on large areas. It b not 
advisable to design for excessive wind loads at heavy extra 
cost ; exceptional wind loads will be taken by the factor 
of safety. Increase the wind pressure on small aiw by 
1/5.Structures designed with the wind loads mentioned 
in the above table ^ould have (actor of safety of a against 
overturning. 

Presaore on Inclined Roofs 

Duchemin’s (brmula : 

Pn-Px ; Pv=PnXco8 6 ; Ph=Pnx sin 6. 

i+sin*v 

Pswind pressure in lb8./sq. ft. of vertical surface, 
Pnc-correspondtng normal pressure per sq./ft. of roof 
surface,Pv= vertical component of Ph, Ph =»horizontal 
component of Pn, 

9=angle of roof slope with the horizontal. 


Pressure of wind on roofs: (based on the above formulae). 


Slope of 
Roof 

e 

5 * 

to* 

■S 

** % 


£ 1 

'81 

tj 

en 

•• 

40* 

t in t 

4 S* 

6o* 

75 * 

Pn-Px 

Pv-Px 

Pb-Px 

•>73 

. I7» 

.015 

•337 

♦ 33 » 

•575 

.6ta 

•575 

.ao^j 

.24a 

1.3331.400: • 47 * 

.QtO 

•Ss? 

;i«7 

.667 

.990 

•999 

•*59 


Pressure of wind on roofs for 1:2 slope :— 


Wind pressure in Ibs./sq.ft. 



5 

to 

«5 

20 

as 

50 1 40 

50 

60 

Pn 

3-73 

7-45 

1 t.2 

« 4-9 

18.6 

22.4 i 29.8 

37-3 

44-7 

Pv 

3-33 

6.67 

10.0 

13.3 

16.7 

20.0 1 26.7 

333 

40.0 

Ph 


3 J 1 . 

5.00 

6.67 

.8^ 

to.O 1 I 3>3 

t 6.7 

20.0 


Although the abov-c formulae arc not much in use now and have bees 
replaced by “Codes”, but trusses designed 00 these principles have 
stood well, snd they give results on the safe tide 
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The following ride ii in accordance with IS : 456— 
1953 and B S : 449—194& * 

For the vertical surface! of buildings, the unit wind 
pressure P in the table at page 11/3 shall be taken as a 
pressure of o. g P On the windward surface and a suction 
of 0.5 P on the leeward suriace. A surface inclined at 
an angle of 70“ or over with the horizontal shall be deemed 
to be vertical for calculating the pressure and suction* 
The wind pressure and suction normal to the roof 
Surface shall be fbund by multiplying the unit^ pressure P 
given in the table at page 11/3 ^ the factors given below, 
a negative factor denoting suction : 


SlojM inf 

tdoT 

Windwaid ilope of 1 

pitchicd roof 
(or b^of ftat looT) 

Xjccward slope of 

pildud tooT 
(or half of Tdof} 

0 * 

— 1.0 


aal* 

“*-25 

ifWmd picflure on wind- 

30 * 


ward ndc of a ilopin|[ 

45* 

40.25 

roof of las UiMJi 30* u 

70* & sbove 

+ O.&0 

now taken u s 


The wind pressure for intermediate roof slopes may 
be interpolated linearly. 

It b recommended in the iS : 45^^*953 in no 
case should the wind pressure or suction be taken as less 
than TO lbs. / sq. ft., notwithstanding the values specified 
in the pressure table . 

A maximum wind pressure of 40 lba*/*q.. ft. popradU 
cular to the direction of the wind is considered for violent 
storms along the Indian coasts and about 70 Ibs./sq ft- in 
the planes. Therefore, a wind load of 30 Ibs./sq. ft. for 
coastal areas, 15 Ibs./sq* ft. for planes and Ibs./sq-ft. 
for hills, noniial to the roof surface, will be sufficient for 
most of the roofi; it is considered that an allowance for 
wind load of 30 lbs. will cover for the weight of work¬ 
men on roof and a ft. of mow* 

For the design of roof coverings, ^ttena, purlins and 
rafters, the above loads (both superimposed and dead) 
should be taken acting normal on the membefi 

Dead load is taken for the luil truss and the wind or 
live load is considered acting on one side of the tru^ at a 
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time. (Either vdnd load or live load is taken, whichever 
is maximum, both loads are not taken together.) On 
the leeward side there will be suction force effect which 
may be reversal of the stresses and to safeguard against 
the same tension members should be designed to resist 
equivalent compression as well. The max. stresses in 
the bars obtained by ignoring suction on the leeward 
side would appear to be on the safe side. 

When wind load stress is included in the total stress, 
the working stress of the steel may be increased by 33} p.c. 
This increase should not be made for structures in which 
the effect of wind is a predominating factor in the desgn. 

Uplift E^ign roof members of open sheds, factories, 
hangers, armouries, etc., which have large open interiors 
for a minimum uplift of 25 Ibs/sq. ft. 

Dead Loads 

Weights of roc^ng materials are given in Section 9. 
Wei^st of ateel roof traaaca for slopes of i in 2. 


(0 W^JLv/^ 


W»wt. of truss in lbs., 
w»wt. of roof surface in 


(«*) w= 


(m) W= 


.}SL(.+i) 

~sl(\ 

45 \ 


5 ^) 


Ibs./sq. ft., 

L=span in ft., 

S =spadng of tniss in ft., 
P=capacityof truss in 
Ibs./sq. ft. of horizontal 
projection of roof. 


The following weights may be taken approximately 
for estimating purposes :— 


SpanoTcruMto ft. 

*5 

30 

40 

50 

60 

80 


Afiprax. ynt. in 
Jba/tq. ft. of 
horbontal 
projection (area) 

2 

aj 

a| 

3 


5 

Spactof 
10 ft. 

1 * 


>1 

a* 

3 

5 » 

Spna^ 

15 ft 


To Ac above weights add weights of bearing plates, 
anchor bolts, anchor plates and purlins, etc. 
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A saving in weight of about lO to 13 per rent can be 
obtained by the use of welding Instead of riveting but 
there may not be a CDircsponding saving in cost. 

Weights due to purlins, rafters, reepers, etc.* may be 
taken at 4 ibsv/sq* ft. of covt^ed area for light roofs and 5 
Ihs./sq* ft. for heavy roofsn. 

PurtiTis : Steel purlins will weigh frciu 1 1 to 4 Ibs./sq. 
ft. of area covered^ depending upon the spacing and the 
capacity of the tru^s« The hradp^j in the planes of the 
upper and lower chords will vary from | to 1 lh-/sej* ft. 
of area. 

a. GENERAL PRACTICAL CONSIDERATIONS 
FOR MAKING AND FIXING TRUSSES 

(a) Principal raflers should not be longer than lO ft, 
between struts* 

(t) Purlins must be fixed at the joints (node points 
of the truss) otherwise bending will occur and the rafters 
will have to be designed as l«ams neecssafitating bigger 
sections for the rafters. But sometimes such an arrang^ 
merit ia unavoidable where roofing sheets of some parti¬ 
cular seze have to be fixed, 

(c) For fixing spactngs between purlins—The max, 
span for G. G* I- sheets supported at their ends should 
be 5 ft. for gauge and 4^ ft. for 24 gauge sheetings* 
If adjoining sheets arc lapped 9 inches and connected 
hy a double row of rivets these spans may be increased 
to 6 ft. and 5I' ft. respectively, and which may be 8 ft. 
for e 8 gauge and fij ft. for ao gauge sber:ts. 

(d) Nos* of Panels is generally taken =Span/5. 

(r) M.S* bed plates of size i' X i' k\” thick are fixed 
over the stone templates under the truss ends with shoe 
angles of size aj Xl Two angles arc on each 

end, fixed with the gusset plate. 

(/ ) Lead sheet i " thick h provided under the 
plate on the free end. Slotted holes a'' long and of width 
1/16^' bigger than the diameter of the anchor bolts are 
made in the bed plate and anchor bolts passed through 
them, in the free end. In the fixed end, holes for anchor 
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bolls arc round and not slotted and the lead sheet b omitted 
and replaced by cement grout . 

ig) Minimum Siz^ of Truss SfenJms : 

Angle ,. 2 " X 1 J" X J" J Angles should be 

Flat .. 2 " X J" I prcJcjTcd to Tees 

Rod .. I" dia. 

{h) Ties : Should not have slenderness values of more 
than 250 (max. 350). Deduotion b made for the rivet 
holes from the cross sectional arca= for each rivet 

hole. It b thickness of lie, d is diameter of rivet. 

Angles should be preferred to flats or rounds for ties 
and other tension members to ensure stiffness and rigidity 
of framew’ork and to minimize bending and dblorlion 
during handling and transport. For very small sections 
in tension, flats may be used. 


When the stresses arc known the sizes of the members 
can be worked out ; a tic being given such an area that the 
net area of the tie( the area of the bar minus the area of 
the rivet or bolt in it) x the working stress (8 tons/sq.in.) 
equab the total stress carried ; and a strut being given such 
an area that the area of the strut x the worlung stress 
obtained from buckling formula (Section 10) b equal 
to the total stress carried. Use tables given in Section 4. 

(i) Proper Method ofFixing 
Purlins is shown in the illustra> 
tion. 

{j) Rhets. The rivets should 
be in the standard gauge lines 
of angles, as has been illustrated 
imd tabulated in Section 4. The 

rivets are generally |* and dia., at 3' -_ 

all dbtances from centre of nvet to edge of plates or end 
of angles should not be less than i J" except when governed 
by standard gauge line of angles. 


nxln< 
Twlla* 
(they 
■treit«*r) 



centres, 


All joints are designed for shop rivets except joints at 
»pcx ot truss, and one-third points of bottom tic, portions 
of which arc likely to be firld-rivctcd in cases where the 
trusses cannot be transported in one piece. 
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I (k) Thickness of walh for supporting steel trusses should 
' be as follows :— 

Spans 12 fl..to 24 ft. .. 18 ins. (Also see under 

Spans 25 ft. to 40 ft. .. 24 ins. Timber Trusses). 

(/) Prefer 18 gauge sheets for roofing as well as ridges, 
gutters and valleys, etc. 

A Queen~post truss is rather unsuitable for steel w’ork as 
it is “deficient’* and the tie must be designed to carry the 
resulting bending moment. 

Transverse Strength of Corrugated Iron 

^y^ 44.6x t xbxd 

L 

where: Wssbreaking weight in tons (distributed), t=thick- 
ness of sheet in in^es; b=»breaddi of sheet in inches; 
d=dcpth of corrugation in inches; L=unsupported 
length of sheet in inches. 

Also see Table at page 4/3o 


Proportions of Roof Inclinations 




Proportioa oT length of Rafter 

Proportion of height to half ipan 



to height 

to half qun 



«/• 

45 *—0' 

\& 

1.41 

«/ii 

33 *— 4 «' 

1.20 

•/\/3 

y>*—0' 

2.00 

1.15 

1/2 

»/«* 

a6'—3a' 

21*— 

2.24 

2.69 

1.12 

t.o8 

•/3 

i8«—26' 

S.«6 

1.05 

'/4 

14*—a' 

4«3 

1.03 

-1/2 

11*—ao' 

^ ^ 

1.02 


Rise of Trusses. The rise of a steel truss is generally 
kept ^th to ^th of the span, but it depends mostly on the 
roof coverings and climatic conditions. Regioirs subject 
to hca\*y rains need steeper slopes. (Sec Section on 
“Timber Structures’’ under Roof Slopes). Pitch of roof 
on West Coast is usually J. 

Spacing of Trusses. The spacing of steel trusses is 
generally 10 ft. up to 50 ft. span and beyond that ^th of 
the span. Spacing may be increased for light roofs 
with C.G.I. sheets up to 15 ft. 
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Camber. Where tie is to be cambered, it is i/^oth 
to i/40th of the span. Where the main tie is to be kept 
horizontal, a camber of 1/480 of the span is given to avoid 
app<»rance of sagging, or alternatively sag ties may be 
provided for spans above 30 ft., of same section as struts. 

Bearings. Ends \v’hich are to be fixed in masonry 
should be properly anchored down with bolts of lengths 
varying fi^om 2'-6" to and minimum dia. of For 
open sheds, anchorage has to be more secure and may be 
doubled. Two anchor bolts arc provided on each end 
for ordinary trusses. 

Provision should be made for expansion and contrac¬ 
tion of the trusses due to temperature changes. Up to 
about 25 ft. span both ends may be fixed but beyond this 
span, either one of the ends is fircc to move and the other 
is fixed or both the ends arc made free according to the 
span and the temperature variations. For free ends, 
slotted holes arc made in the truss sole plates and the ends 
arc made fire to slide. For big spans of say 80 ft. or above, 
ends may^ be built on rollers. Slotted holes should also 
be made in the joints of the purlins, say at about 50 ft. 
intervals and arrangements made for their free movement. 

ends arc made away from the direction of the pre* 
vailing wind, and the end from which direction the pre¬ 
vailing wind blows u made fixed. 

Reactions at the ends of the trusses are vertical on free 
ends and inclined on fixed ends. 

3. DESIGN OF STEEL ROOF TRUSSES BY 
STRESS CO-EFFICIFJ^ TABLES 

To find stress in any member; 

(<0 Multiply the total dead load carried by the truss 
including its own weight by the co-efficient for dead load. 

(b) Multiply the total wind load pressure (or the live 
load to be taken in lieu of the wind load) acting normal to 
its surface on one side of the roof by the co-efficient for wnd 
pressure. 

i^d (a) and (6): This will give the total stress for 
which a m^ber has to be design^ either as a strut or ai 
a tie. total stress may be divided by 1.33 where 

wind and dead loads have been taken together. 
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1 

§ 

s 

o 

Tl 

1 E 

1 ^ 

L* 

3 

1:- 

4 

5 

1 


ab 

+ 

■70 

■75 

i -^4 

l.m 


bd 


■54 

.63 

■73 

-93 


be 

+ 

,41 

-aa 

-33 

.23 

Fw. tl/5 tniB wilbout 

ac 


■5^ 

■63 

*73 


camber 

ce 

— 

■4*> 

■43 

■50 

,61 


cd 


.ig 


.25 

■3' 


ah 

+ 


1,03 

1*30 

■ 45 


bd 

+ 

*77 

■ 91 


1 135 


be 

+ 

.21 

.33 

■u 

-33 

Dills. 

AC 

C 3 C 


■77 

■45 

■91 
■ 53 

],0b 

.60 

1,40 

-75 

with camber «Rbe/fi 

cd 

— 


.43 

■49 


■ 

ab 

+ 

*7i 

-fls 

■S3 

i.J 3 

1, 

bd 

4 " 

59 

,67 

■ Tfi 

-53 

■ ^■^■^^<11 I 

dc 

+ 

*57 

-S3 

.7e 

I.«0 

c f 

be 

+ 

,[6 

■ >7 

,18 



dc 

+ 

. 16 

.17 

.iB 

,30 

Bfawt Jfl H* 

ae 

— 


, 7 a 

-03 

[.04 


cf 

— 

■30 

■43 

-50 

■63 

wilhout camber 

ce 


■35 

-39 

•33 

-4* 

F%. ii/a 

ab 

+ 

T.D2 

1-15 i 

■■ 3 ' 

1,61 


bd 

+ 

,83 

-94 

t.DS 

1-35 


de 

+ 

.as 


t+i6 



be 


*17 

-19 

.31 

.37 


dc 


■17 

.1^ 

.2^ 

.a7 

above tnMi 

BC 

— 

.05 

t.Ol 

l»i8 

i.50 

vdlb camber 

cf 

— 

-43 

.53 

»6iO ! 

*75 


ce 


■4+ 

-5a 

.61 

.7I 



























8 R Memb<r of Tru« 


ROOFS 


**/*3 
































11/14 INDIAN PRACTICAL CtVTL eNGlNEEIU^ HANDBOOK 




















aoOF» 


ii/13 



The abgvc co-cfBdcnt5 arc for trus3<s without camber.^ 
camber is given, of say about span/aB, loadinga may be 
based on a span of about 20 per cent more to give increaseti 
stresses. The rise is: span/4« , . . ^ 

(f) Where only one stress ccuffidetit is given m me 
table it can be used for a case where both dead and live 
loads have been resolved to act as one single vertical load. 
[Wind load is considered to act only on one side of the 
truss at a time). 

The members have been worked on the assumpbon 
that the roof purlins occur over the points of intcrsecMn of 
the various members wth the rafter; where such b not 
the case, allowance should be made for the bending of the 
rafter and rafters designed as beams. 

(The different tables might give slightly varying residts 
but it will not make any appredablc difference m the 
final choice of a suitable section). 






















SiM of Arf^nibers for Sttol of Various Spans 

Fur figures of truces wc Sircss Co-cfEci&m Tables 
Span 16 ti. Qf4r—4 Panels at 4.75 ft. (Similar to Fig* No. n^^*) 
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Span *4 h. Clear—6PancU at 4.7 ft. (Similar to Fig. No* 11/6.J 
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Truss mnnbcrs for various spam and spacir^ given 
in the tables have been ^^lorkrd out with the allowing 
assumpdom based on a working stress dT 8 tons/sq- inu 

Type A: Roof covered with C*GJ. sheets and steel 
purlins, at 7 ibsH,/sq» ft* of ground area. Wind load at 
Ibs./sq, or lbs- norma] to the roof surface- 

Total load for design is taken at S2 ]bs-/sq» R- normal 
for roof toverinp, vertical for trusses. (Total weights 
divided by t-33)* 

Type B: Rgof covered with single tiles and steel 
purlins with ceilings at tB Ibs^-b^ Ihs. Wind load same 
as for Type A abovc^ 

Total load for design is taken at 31 Ibs./sq. R. 

Roof slopes »^ . 1 in a 

Camber .. , . span/ad 

Panels equal and equally loaded; spans centre to 
centre of bearings will be about 1 ft. more. 

Gusset plates at the shoes, ridge and junctions of Keel 
and tie and upper tic will be f " thick and for other joints 
thick. For big spans say 50 ft., thickness of the gusset 
will be increased to J"* AU guscis are single^ Rivets 
r' dia. 

The following variations will require no alterations 
in tru^ sections: 

(ffl) Variatiofis of ± 10 per ceot in the span and spacings 
of the trusacs. 

(b) The cinnsaion or inclusion of a boarded ceding, 
(e) Inclusion of ventilator at the rid^e:. 

If the truss is not cambered or is given a sUgh* 
camber of say S/360, the truss spacing: can be 
increased up to 15 per cent. 

(e) It the panels are reduced from 6 to 4 or from 8 to 
6, there will not be appreciable diflerai^ 
hut the principal after lengths (of pan™) 
win be increas^ necessitating a httlc^ hcavieT 
angle since it acts as a stniL This can be 
computed from the tables given earlier. 


noon 


il/as 


4. workshop and FACrrOKY ROOFS 


Where U La desirable to 
pro%1de north light without 
direct sunlight a ^‘saw¬ 
toothed** roof is suitable. The 
disadvantages of this pattern 
are that unless the roof slope 
is fattened (which is very 
undesirable on ajccount of the 
risk of leaks), the truss is 
much deicper and conse¬ 
quently more expensive than 
the symmetrical truss. On 
prolonging the south roof 
slope of the Fink truss beyond 
the ridge as far as necessary, 
a substitute for the ordinary' 
saw tooth roof with a north 
light can be provided at a less 
cost, which is generally just as 
suitable and Is often prefer¬ 
able* The interior of the 
roof can be painted white if 
necessary. These trusses arc 
seldom used on spans eiccced- 
ing 40 ft. For larger spans a composite form of conitm^ 
tion comprising lattice girders and rorth light trusses li 
used. 

Fig. 1 t/jo shows outhnes of n saw-toothed roof and 
details for working out stresses graphically. The tn« 
weight is divided among the panels BF, CF and DG m 
proportion to ihe lengths of these panels. The ape* load 
at the peak is one-half of the sum of the loads 
BF and CF; load CD b one-half of those on paneb CF and 
DG, and loads AB and DE one-half of those on p^ls 
BF and DG respectively. The reactions for the loads 
shown in the figures arc obtained by means of the p™ 
and equilibrium polygons* All of the memben of tM 
truss are in compression except the horizontal tie UK- 
which is in tension. 
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Whcrt the roof is exltndcd to obtain nttra light, it does 
not appreciably inarcase the stresses in the meitibets. 

To admit in the majdmuin light and to prevent cutung 
off the light by the sav^-loolh immediately m front and to 
cnsinre diffusion of the light over the floor rather than on the 
underside of the roof, it is considered that the north Ugni 
passes should be so fixed that they make an angle of 
about iio to 35 dcg» with the vertical at the bottom and 
of about 90 deg, at the top of the saw-tooth. 

5. ROOF FIXTURES 

Sheet Lewi may be of the following thicknesses:— 

For roo&j flats and gutters 7 to 8 Ibs/supcdidal ft. 

„ hips and ridges 6 to 7 ir « 

„ aprons and nashiogs 5 

„ bottoms of ebtems 7 » » 

,, sides of cisterns 6 

Flashings and joints should have a Lap of 4 . ^ Lead 
must be so fixed on roois as to allow free expaDsion^ 

s 6 7 ® 

*iot .ug .135 

Copper Roof iag Sheets generally used for flat roofe 
arc of gauge : 

Gauge 21 23 24 

Weight in Ibs./sq- ft- i ■ 3 ^® '' 

Iron nails should not be in contact wth copper as tt 

will corrode both the metals. lu > fv 

Copper roofing sheets 24 gauge weigh t .33 lhs-/sq. - 

“ J^d. ^ , 

Eaves Gutter*. May be made of gslv, iron sh^ 
iS to 23 gauge, bent semUcylindrical with edges roundett 
and twice the diameter of the dow'n pipe, 
aliu't be made of milled lead sheets of weight 6 Ibs./sq. 
or of ziacshEctmgs(for important buildings),or of cast iron. 
Zinc gutters, of which the most widely tied arc ogee ana 
half-round types, require no painting. They are not so 
strong as those of steel but satisfactory service can be had 
if the thickness of metal is not less than No, 14 gauge. 

Weights of line sheets are given in Scetbn 4, 
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Gatten and flashings should be so arranged ^ to give 
free play for expansion or contracuon m any dirtetron* 
Slope Of guttera should be about i m loo m siraight lengths 
and steeper for portions which arc not straight* 

Not less than one wrought iron bracket be fix^ 

to each 6 ft. Icn^, and one bracket to 
piece, drop end, etc. V^^lere cast ;ron go ters ^e feed 

fix one bracket to each Garter 

overlap 6 "^ and rounded cd^ should be feed with 3 
dowel pins* Bracket size: 

Vidleva* May be of lead, zinc or galvanized iron 
sheeting* Should not be less than 6 "wide at the bottom 

and turned up under the roofing 15” 

size of ?heet3 may be as for eaves gutters but prefer 

t8 gauge* Overlapping is 9". 

Ridges und Hip«^ Are made from ao gauge G*l* 
sheets, with 9" lap on either side and at each joint between 
two lengths* 

FlashlngR* May be of milled lead as specked 
or of 18 B.W.G. zinc or galvanized iron (lead is spceiii^ 
for impiortant buildings)* Where lead is used, copper 
will be employed to iasten it to the woodwork OtU> 
one edge of flashing is feed and the other end is left ft« 
for expansion* Against a wall, the flashing will U 
titled and turned up 6 inches, the upper edge l^mg ic|t 
free and covered by an apron overlapping it by about 
4 inches^ the upper edge of which should ^ tuck™ a inches 
deep into a joint of the masonry and filled with mastic 
or cement mortar. 


Raiii<wiitcr Flpc«. If of G*I, sheeting, may be of 
]8, 20 Or 22 gauge. If of zinC, these should be of No* 12 
zinc gauge (23 LS.W.G.)* Usual size is 3 to 6 inches dia* 
Brackets are feed about 6 ft* apart. Joints betwe^ 
succcravc of pipes vnXl be by collars at 4 iJniCncs 

deep! the collars shouui be first riveted together and then 
shrunk on. 

The bore of the rain water pipes should be i *q- ^ 
for each 50 sq. ft. of roof area dramed and may be provided 
about 20 ft* apart. 
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Dcfinitiaxis of Roofing Tcnno 

Ptnt-Toof—\ roof with slope on one side only, 

Ftiishuigs —Pieces of lead or copper sheeta let into the 
joifiis of a wall or worked in the roof slates or dies around 
dormers, chimneys, etc., to lap over gutters to prevent 
leakage. 

V£rg €—The edge of the tiling or slates projeedng 
over the gable of a roof, that on the horuont^ pordon 
being called 

ViTgt Bt^ard —Often corrupted into Barg Board; the 
board under the verge of gables. 

Wtathff Boerdif ^—Boards Lapped over each other to 
prevent rain and sun from passing through, 

Wnithmi ^‘—A slight fall or slope on the top of cornices* 
window-sills, etc., to throw off the rain. 

6. CURVED ROOFS 

Curved root can be made up to 30 ft, span with ao ft. 
radius of iB S.W.G. corrugated iron without trusses with :- 

Tic rods—2"xi'' or dia., apart. 

King rods— dia. 

Eaves stiffened by L irons and top 

strengthened by an L iron running along 

the under surface of corrugated iron on each side of the 
king-rods. 

7, FLAT ROOFS 

For Siiperim|>o#ed Loads on ftat roofs see Section 6 
and page it/2, 

Ferro Cxmcirete Batten* for Flat Roofs 


dear epan 


7 ' 

r 

9' 

1ft' 

Full lectioa 
of bameo 


a|"xG" 

91^ 

3"X7r 


Tciuilc rou,^ 
faTCCxneiU rod 
of diunetfr 
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7 / 16 - 

i" 
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The above table ia based on a roof load of 
too lbs+/sq+fbplus weight of the batten and is 
Worked out with stresses 1 18000 and 750 lbs,/sq, 
in, Batiens are 12'^ centre to centre ^ One dia* 
bar ij provided on the compression sidc^ of 
every batten as shown in the illustration. 

This provides for coramoii roofs. These batteris_ 

require special care while hxin^ on roo& to see ftnii-aw 
that the tensile reinforcement side is placed downside. 
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Safe Loads on K.all Flaiaking 


span 

5kIc superimposed load in Ib^^sq. ft. 

Apply to s^ind clan 
ordmary tunbci. 

ft. 

1" 

il" 

2" 

ai'' 

2" 

If 

a 

a* 

3t 

4 
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tfto 

<>o 

50 

6m 

300 

180 

1 ID 

75 

50 

730 

mo 

tSo 

I!t5 

90 

70 

50 

Bas 

STO 

35» 

X 
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IDO 

pOD 

60O 
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300 

For loads on other kniEk 
of timber mutliply by tbc 
roUoMtng ro-cf5ciniiaE-— 

Deodar t. 33 

Sal l,$9 

Cbir t.4a 


Diameter and Spacing of BaJJiea for 
soe Ibfl./aq. ft. Roof Load 


Spaa 
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Sal Bailies 

ft 

Spacing 
t A. c/c 
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I Jit cj*c 

Spacu^ 

1 ft. c/C 

& 

4 

3 " cl»^ 

sr ^ 
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9 
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5'' .. 
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5l „ 

to 

ri 
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6*" .* 
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i‘" " 

•* 

19 

ij 
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Sccdoas of Wooden Bitten* for Flit Roofs 



100 lbs. iq. ft. 

70 lbs. sq. ft. 

Sp*£ 


IDeodvtiF 

Chll 

1 

KmiI ! 

Sd 

Kail 
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in, i 
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\ 3 
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a(X4l 
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1 24x5! 
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First Mud Roofing consi&ts ofi—' 

Two bym of tiles, «ch on 

covered with 1" layer of mud plaster, 4'^ b.yer_oi arm and 
another layer of t" mud plaster on top and finished with 
cowdung plaster^ 

The tiles are laid in lime mortar. ITic second 
of tiles is Laid over bed of lime mortar 
layer and bnCiaJting joints in both directions with the layer 
underneath. Battens are spaced la" 

The necessary slope in the roofs should be formed by 
sloping the beams or the battens. 

Second CIh** Mud Roofing 

This ujcludcs the same items of works as the First CIm 
except that only one layer of til@ i2'''x6"xa “ 

instead of two layers of X li"* 
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Where tilo are laid over lop of flat roofs, they should 
M pointed with cement mortar or grouted with cement 
slurry. 


Weights in lbs. per sq. ft. of Dead Load 
First class mud roofing with 

boarding and single tiles 70 
—with a double layer 

of ij" dies. 80 

Second class mud roofing with 
a single layer of 2" tiles. 70 


Add for superim¬ 
posed load as 
detailed at page 
11/2. 


Tamced Roofing. Consists of a layer of flat tiles 
set m mortar over j'^of fine concrete, which u placed on 
two layenofflat tiles also set in mortar, and supported on 
w^en battens pUced one foot apart. Where tiles are 
laid m double layers, they should be of r' thick size, upper 
layer to emMded in mortar on the lower layer breaLng 
^mts. The tiles should be soaked in thick whitewash 
before use. 


Lime concrete wth f" brick aggregate is generally 
us^ for such roofs. For water-proofing, I lb. of bar soap 
*1 j ^ alum to each cubic foot of concrete are dis¬ 
saved m the water used for mixing the mortar. While 
me Mating of the concrete is flying on, the surface must 
_ hbertUy sprinkled with fresh lime wash. A small 
proportion of gur added to the lime water will improve 
the water-proofing qualities of the roof. 


Where Ae tiles are supported on steel Is, the tees 
XMy be of size: 2" X2"x t"', laid 12" apart on a span 
of 4 feet* between joists. 

Fafastfaig Terraced Roola with Bitumen 

After laying the tiles the works should be kept wet for 
the mortar to set. After the mortar has set the surface 
i^uld be allowed to dry before applying the bitumen. 
The bitumen is h^ted to about 400 de g r ees F. (or accord¬ 
ing to the specifications of the manufacturers), poured 
on the surface to be treated and pulled out to that the 
average thickness is i/i6inch. This can be obtained b>* 
ew^y sprmdii^ 34 lbs. of bitumen over 100 sq. ft. 
to be covered. The coat of bitumen should be continued 



soon 




along the parapet walls up to the drip course. Mud 
filling or plastering will be done in the customary manner 
when the bitumen has cooled down and is no longer tacky. 

The **grade** of bitumen used should be with a hi^ 
melting point say of 20 to 30 penetration. In high rainfall 
regions, two coats may be ^vcn. The bitumen coat 
slpold be blended with sand. 

Water proofing Flat Roofs 

Lime Concrete Roofs: 

One or two coats of oxide of iron paint should render 
a porous roof water-proof. Coal tar or bitumen can also 
be used if not otherwise objectionable. 


Water-fnoof Mastic Cement for Cracks: 


1 part red lead 

4 parts ground lime 

5 parts ^arp sand 


1 part red lead 
Or 5 parts whiting 
10 parts sharp sand 


mixed 

with 

boiled oil 


R.C. Roof Slabs: 

For water-proofing, 2 coats of hot maxphalte or coal 
tar blinded with sand are given over the slab aAer the 
concrete has been cured and dried. A 3" thick layer of 
good compacted earth b laid over the bitumen treatment 
and then tiles or mud plaster, etc., over it. Each coat 
of asphalt should be blinded with sand at the rate of 1 c.ft. 
per too sq. ft. of surface. 

Repairs to Porous Roofs 

I lb. bar soap, ^ lb. alum, each dissolved separately in 
one gallon of boiling water, laid on the roof alternatively 
with whitewash, 10 hours to elapse between each coat. 

Cement slurry pumped into the cracks or cement 
grouting (preferably mixed with some water-proofing 
compound) over the surface will stop leakage. 

A{^ly a coat of **Colas**—(Bituminous compound— 
see under "Roads") about 40 lbs. per too sq. ft. o^f smface 
and blind %rith coarse sand, sweep off extra sand. Thu will 
last for about 3 years. 

Ro<^ Slopes atsd Dralaisgc. For porous type of 
roofs, give a uope of i in 20 in heavy ralnfidl regions and 
* in 56 in compamdvely dry locations. Where the roofi 
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are made of R.C+ or R.B. slabs duly watcr-proofed or with 
a layer of bitumen or tar with of earth on top, a 
of [ in 40 and i in>6o respectively wiU be auffident The 
necessary slope! may be provtd^ by either two-way or 
four-way from the centre of the roof outwards. Any 
slope exceeding tl" should be taken up by the height 
of masonry walls^ 

For drainage, a 3" down pipe will serve a roof area 
of about 400 sq. ft. , and a 4" down pipe about 700 sq. ft. 
in dry regions and a^ut 450 sq. ft. in neaTpy rauifali regions. 
Where no down-pipe is ^ed, the outlet pipe or chatineL 
should project 1 foot outside the wall. 

Slate Roofs 

The pitch of the roof is kept according to the siie of 
the dates as follows: 

24" X .22° 

2o"X 10*".27^ 

r*. 33 " 

The Jap should not be less than 3'% Only dating 
nails of copper or of non-rusting compositions should be 
used. Tht^ battens should not be less than 

All slates should butt close to each other with the rough 
side uppermost. Every nail should be covered by the 
covering sbtc except in the eaves course. 

The lop edge of the slates on each side of the ridge 
should rest on the ridge plate the top of which should 
be splayed to the roof slope. On the apex formed by the 
edge of the slates a roll not less than 3" in dia. and made 
of 112:4 cement concrete, should be formed with its centre 
coinciding with the apex formed by the slates. Where 
lead ridging is to be used, the slates should butt against 
the ridge plate the top of which be flush w'ith the top of 
the slates; lead tacks, 2" wide and 15^'^longwdn be nailed 
across the ridge at 2 ft. centres. A 3" dia. ridge roll will 
then be secured to the rtdge plate by double pointed 
nails, ridge will be dressed the lead covering 

resting 6'^ on the slates on each side and held down by 
turning up die lead tacks. 
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Etcrnit Slate Roof Cavcnog 

Tht slate? are fixed over \STOoden batten? 
nailed 9^" apart centre io ecntrCj the rafter? bein^ spaced 
s fif apart centre to centre. The slates are of three sizes, 
the main slate is t^J''^ tsJ" -out of v^-hich any size can 
be cut. Overlap is about 2|''. The first two layers at 
the eaves are fastened by galv. iron wire or copper nails 
and the chief slates by naib and copper cramps, (Tbe 
cramps arc copper discs with copper pin. The disk is. 
slipp^ under the edges of the slates at points of contact 
and the pin passed throng and turned down over the 
three, binding all together). 

About 82 slates cover 100 sq, ft of area. These slates 
are generally made in three colours—grey, black and red. 
Eternit slate roof covering is not affected by weather, is 
fire resisting, light and cooU 
Allahabad Tiling 

This is double tiling or single tiling. The lower fiat 
tiles arc laid on battens. The lowest eaves batteni should 
Ik deeper than the battens above so that the tine of the 
tiles from ridge to the caves is continuous. The battens 
arc placed at 12" inten-als; size is i"x if", 

The three lowest tiles in each course of each layer 
« well as all ridge and hip dies should be set in mortar, 
tJnles special caves tiles with closed ends are used the 
ends of each row of semi-hexagonal and scmi-drcidar tile£ 
should be stopped with mortar. In the case of double 
tiling, the space between the two rows of flat dies should 
also be so fUled, Tiles in contact with mortar must be 
soaked in water mixed with cowdung for at least 6 hours 
before laying, 

A dry tile should not absorb more triau 4 th of 1 ti wea^dtC 
of water when immersed for one hour, 

^ The roof should not be pitched at a slope less than 
t in 3 or more than i in 2, 

£anrr and Sofgt Saards^ 

The barge board should be about 2" to higha* 
eaves board for a single bycr and about 5" to 6" 
higher for a double layer of tiles so as to cover the end row 
of tiling. 
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Mjtogalore Tiling 

The roof should not I>e pitched at a slope of less than 
r in 3 or more than i in 2. Each tUc of size about^ 
covers i2jf"x8i", and allowing for lapSj 150 
tiles are required for eadi 100 sq. fi. of roofing. looo dies 
weigh about a| tonsn. (Sizes of tiles differ^ eixact size 
should be fixed locally)* 

Each fiat tile weighs about 5I lbs. when dry. 
Each ridge tile is about ifi"' in length and weighs when 
dry lbs. 

The tiles are laid breaking joints i.e,, the left channel 
of the upper tile should lie in the right of that belowj and 
should fii properly one to another^ the "catches" resting 
fully against battens^ i*' or tl" X i" fixed lai" centre 
to centre to the upper sudace of the rafters, or when plank^ 
ing is used} battens are i"xi" and exactly parallel to 
the eaves. The low^t batten, that nearest to the eaves, 
should be fixed about 10" from the one immediately above, 
and should have double the ordinary thickness. Special dies 
are used for ridges, hips and valleys; all these and tiles at 
gable ends should be set in cement mortar* Tiles to be set 
in cement should be immersed in water for four hours 
before laying. Tiles must not absorb more than one-sixth 
of their weight when immersed in water for one hour. 
In exposed situations and at all gable ends, eaves and places 
where the tiles are not readily accessible, they should be 
secured to the battens by No- 18 gauge galv. soft iron 
wire passed through the holes provided for the purpose in 
the underside of the tiles, 

A tile should have a breaking strength of not less titan 
2 cwta, applied at centre of span when supported on 
battens at 13I" centres. 

Carragated Iroii Roofing 

Ordinarily 22 gauge for corrugated and 24 gauge fur 

E lain sheets are used for roofs. These roo&arc not generally 
lid at a slope flatter than t in 4. l^ps should be 
6 i^gih-wise and 2 corrugations side laps, in ridge 
and hips where pUin sheets are used, laps will be 
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Sheets should be fastened down just abox'e the ea\TS 
by continuous lengths of ij'.'xi" flat irons (wind lies), 
bolted down every 4 f\. by ^Its, built fl. into the 
walls and secured at the lower ends by 6—in. square 
washers. Slot holes are cut in the wind ties to allow of ex¬ 
pansion and contraction due to temperature changes. 

Holes in the C.G.I. sheets should preferably be made 
on the ground; the sheets should be placed on trestles 
and the holes punched in the ridges (prefer drilling) of 
the corrugations from the outside inwards so that a proper 
seating for the limpet washer is obtained about 9" apart 
on the sides and at every second corrugation at the ends, 
care being taken that all holes should occur in the ridge 
of the sheet as laid. When four sheets overlap at corners, 
the holes should be drilled and not punched. Elach sheet 
must be fastened at the comers, at every third corrugation 
along the ends, and evenly at the sides at intervais not 
exceeding 2 ft. Galvanized bolts, screws and washers 
^ould be used. Sheets should be secured to wtx>d fram¬ 
ing by means of galv. cone headed screws, drive screws, or 
jagged naib, to 3" long, at intervals not exceeding 
I ft. on every bearer. Sheets are secured to steel framing 
by means of 5/16" galv. hook-bolts at intervals not exceed¬ 
ing^ I ft. on every bearer. Length of the hook-bolt will 
be in accordance with the size of the steel section foiuiing 
the bearers. The sheets should be riveted together with 
galv. iron rivets and washers or bolted together with 
dia. galv. bolts. In each case a “limpet” dome w'asher 
should be used at the lop. All riwts, bolts, screws, etc., 
should be set in white lead. 

For permanent work, before laying the sheets on the 
roof, they may be riveted on the ground in sets. Generally 
three sheets in length or three or four in breadth can be 
completed on the ground before they arc hoisted on to the 
roof. For fixing, the rivets are passed through from be¬ 
low and a lead washer put on it and head made. Rivets 
arc of galv. iron. 

For temporary structures where it is tmdersirable to 
make holes in the C.G.I. sheets, Windle’s dips can be 
made use of. 
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t.p Valleys, etc., have been described under 

Koof Fixtures** at page 11/24. 

N»n?tal Pattern Roofing the roof coverings are 
made from 24 gauge, and rolls and ridges from 22 gauge 
galv. iron pUin sheeting. ^ ^ 

wood should not be used in contact with gal- 
vMized sheets as It has destructive effect on zinc. Galva- 
nmng also quickly disappears near sea and chemical 

p ^*» roofi, sec under "Paints and 

Paintmg G.I. roofs arc found 10 to 20 degrees F. 

cooler when painted white than when left of their natural 
colour. 

^^toB Cement Gormgated Sheets. These sheets 
arc laid in ^c same manner as C.G.I. sheets. The weight 

‘ ^ PT from 325 to 350 lbs., 

while C.G.I. roofing (20 gauge) weighs about 265 Ite., per 


Ktch of 
comigatioRs 

"WUtk 

oflliccts 

ins 

End 

Up 

ins. 

Side 

Up 

Wl of 

roofing 
100 sq. A. ; 

Spacing 

of 

purlins 

ai 

5 l 

90 

4 >^ 

6 

6 

i 4 eorr. 

1 oorr. 

3«4 ) 

sy> j 

s'— 

4'—«" 


r* k in 0 to 10 It. lengths, varying 

by 6 inches. Weight is about 3.5 lbs./sq. ft.** 

,. rwfing sheets should be capable of withstanding a 
^mbuted test load of 80 lbs. per sq. ft. with purUns up 
—Ik A.C. sheets are secured with 5/16" dia. 

^ 1*" pJv. coiS headed 
scr^ w ^ve screws, fitted with bituminous 
G£ washers (lead Limpet washer, are 

(h larger than screws), and never punched. To 
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avoid fracture, sheets must not be rigidly fixed and screws 
must not be too tight. A hammer must never be used; 
Asbestos sheets are brittle and break in handling. 

The nuts or screws should be screwed lightly at first 
and then listened when a dozen or so sheets have been 
laid. Expansion joints are prorided at about every 150 ft. 
jength of the roof. Roof ladders or duck-boards should 
invariably be used so that no damage b done to the sheets 
when the workmen walk over it. 

Asbestos cement roof cannot take excessive stresses, 
therefore, care should be taken while fixing purlins not to 
exceed safe spans. Additional joists should lx fixed where 
excessive loads are likely to be put on such as, for repairs 
of ventilators and chimneys. Cat ladders (also called 
duck ladders) or roof boards should be used for fixing 
sheets or for repairs. 

Where it is pro[x>sed to use Asbestos sheets, particulars 
and specifications should be obtained from the manufac¬ 
turing firms and work designed and executed accordingly. 

Insolation Against Hot Weather of Corrugated 
Iron or Asbestos Roofs 

(Extracts from notes published by Dr. S.P. Raju 
in the Institution of Engineers (India) Journal Vol. — 
No. I, Sept. 1954,) 

Put on the top of the sheets a layer of about 3 to 4 
mches of paddy husk mixed in lime mortar (i lime, aj 
^3 of sand) and coat it writh a layer of rich lime plaster. 
Paddy husk to be fiw from rice grains,otherwise these sprout 
and produce cracks. Mix i lime mortar to a of paddy 
husk by volume; wet the paddy husk for a day and mix 
hme mortar while husk is wet. Lay it on the roof tmi- 
for^y and tam gently with a trowel, leaving about 
Sjnehes of the roof sheets from the edge free. Finish 
with about I" to I" lime plaster. Where paddy husk 
IS not available,, groundnut husk or any other suitable 
vegetable husk may be used. 
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Fixing Mangxlore or Country Tfle* Over C.GX 
Sheet Roofing 

Pitch of the roof should be about 2 : 9 

Slo'ping wooden battens iJ"xiV* 21^ laid over the 
ridges of the corrugations 18 ' to 21" centre to centre 
securely screwed through the sheets into the purlins below. 
Between battens the corrugated sheet should be Cwtened 
dovMi to the purlins by two screws. The horizontal 
battens 2"xi"for countr>’ tiles and r'xJ'Tor Mangalore 
tiles should be laid in the usual manner. When country 
tiles are laid they should be protected at .the eaves by 
wnd ties of flat iron 1X i" secured by bolts to the 
corrugated sheets below. 

Ridges and hips can be of the tiles laid in mortar or of 
G.I. sheets or zinc sheets laid as detailed before. Battens 
may not be used in the case of countr>' round tiles. 

Thatched Roofing 

The bamboo framing consists of vertical bamboos 
1J" in diameter and 1 ft. apart to which split bamboos 
are securely fastened at right angles, 6" apart. Thatch is 
from 6" to 12'' thick and laid in 3" layers. 'Hie first layCT 
is generally attached to the bamboo framing before it 
is placed on the roof. The pitch of the roof is usually 
about 35 degrees. 
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1. BRICKS 


Standard sizM for 9-mch bricks as prescribed by 
various Public Works Departments in India :— 


9i'x4|'x2r 
9' X4rx2r 
9' X4i'x2|' 
9' X4i'x2i' 
Standard sizes 


9' x4J'x2i* 
8rx4i'x2r 
8|'x4i'x2|' 
8i'x4i'x3' 
for 10*inch bricks : 


10'x4j'x3' 
10'X 5' x3' 
10'X 6' X3K 


9i'x4rx2i' 

9i'x4rx2|' 

9rx4f'x2i' 


Brick moulds are about 1/lOth larger than the re¬ 
quired size of the brick to allow for shrinkage on bur nin g. 
The length of the brick is equal to twice the width plus 
one mortar joint and three times the height plus two 
mortar joints. 


Common size of bricks i 

in England—8|' x 4x 2j'; 8|' x 4J' x 2f' 


in America—8*x3|'x2J' ; 8'x4'x2|', 

General Physical Characteristics 

A good first class brick should be sound, hard and 
wll burnt with uniform size, shape and colour (generally 
deep red or copper), homogeneous in texture and free from 
and erodes. A fractured surface should show a 
umform compact structure free from holes, lumps or grit. 
The surface should not be too smooth os otherwise mortar 
will not stick to it. Arrises should be square, straight 
End sharply defined. No dimension of a first class brick to 
than I" from the standanl size. A brick 
would give a metallic ring when struck with a small 
hammer or another brick. A good brick should not break 
when struck against another brick or when dropp^ flat 
from a height of about 3 to 4 ft. on the ground. It should 
ave a surface so hard that cannot be scratched by the 
^^r-nail. A first class brick should not abaorb more than 
ith of its weight when dry, and a second class brick not 
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more thATi JtTii oftfir inmieneioD in w&tor Tor 1 hoitr. 
Bricks of low porosity haTfl greater atrength* (Absorption 
tost IB only very rough and depends upon the day uaed.J 

All bricks ahould t» soaked in water for at least one 
hoar before use with lime or cement mortara. The cea- 
Mtioa of bubblsB tbroagh the water is an indication of 
aaturation being oompiete. (Some departments proscribe 
soaking in water for sii hours but teste show that bricks 
absorb no f^hot water after 15 minutes soaking), A 
ffog or 'kick^'^ is made in. deep and brioke are uatialij 
laid frog up which affords a key for the mortar, 

A small proportion of limot not exiiieeding 5 per cent, 
which must be in a fairly divided st%te and not in lumps, 
ia uMful in brick earthy Otide of iron Jends the brick its 
peculiar red colour^ while magnesia giv^ee & yellow tint. A 
Small amount of alkali is ueernl as it baa an influenco on 
plwticity of clay which can be miied and kneaded well. 
A high percentage of alkali produce® r^oresetna. The 
bricks should ehow no signs of efflorescence after soaking 
in water and drying in shads. Orerbuming the bricks 
reduces effloresGence. 

Iron pyritcst salts, pebbles^ nod ulcs of kanka r, graves 
and tree roots in the clay are harmful. I^esence of hma 
can be detected by pouring a few drops of an acid on thl 
earth when afferrescence will be formed. 

Teat for Good Qay for Bricka 

Make a few bricks and lot them dry Lo the open air. 
If the bricks rraefc, it show® the earth is too plastic sod 
needs mixing sand. If they break easily when thrown 
down on ground, they are brittle and have" too much sand 
and are apt to fuse in burning and become "Jhama*'. Too 
much water also makes a brfek brittle. 

It rarely happen® that earths oceun'ing in nature are 
suitable for making drat clan bricks. Pure elay lequira 
the addition of loamj aand, otc.,, whilst loama may require 
the addition of clay. Sand in brick wth prevents shrink¬ 
age, cracking and warping of brick®, but too much of saod 
makes the brick® brittle. Clay content should range be¬ 
tween and 20 per cent. No earth or clay should be 
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tftken^ from localities where salt water is found and any 
rontaining^ the slightest trace of salt must bo rejected for 
brick making. Prosence of salt can be detected by the 
formation of efflorescence on the sides of fresh excavations 
if moist. Dry earth can be tested by moistening it a 
little wth water an<i drying it. (For brick burning or 
bnck kilns, see under “Estimating.”) 

Strength of Bricks r 

. Crushing strength of burnt bricks (in flat position) 
varies from about 40 to 180 tons per sq. ft. (Punjab 
bricks are on the high side with about 100 tons.) The 
strength decreases when soaked in water by about 25 per 
unburnt (sun-dried) bricks is from 15 
to 35 tons per sq. ft. A brick of about 2500 lbs. per sq. 

crushing strength has 960 lbs. per sfi. in. transverse 
strength, 680 lbs. per sq. in. tensile strength, and 250 lbs. 
sq. in. shearing strength. 

1 strength of brick masonry is only about i 

. oven less) of the crushing strength of a single 
rick, and depends upon the mortar used and the bond, 
erm^ible stresses in brickwork are given in Section 7. 
pocific gravity of bricks shoukl not be less than 1 . 8 . 

- « ^or inspection the bricks should be stacked in stacks 
UG • containing 2000 bricks each. The space 

,_*7 between the two stacks (for passage) should not be 

than 2 | to 3 ft. 

Bricks absorb less heat than stones. 

800 to 1000 bricks give about 100 c.ft. of brick-bats. 
UUa^t to 1200 bricks make 100 c.ft. of brick 

Bxing bricks -Composition : 

1 Cement ^ WUl reailily 

* Coke breexe screened to to |' Vreceive 

or screened coal ashes J screw or haiI 

Fire-Bricks 

htiF^****?*^^*^ made of fire-clay or refractory clay, 

* *t a high temperature in special kilns. Fire-bricks 
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Are generally of a white or yeHowish whtUi cokmr* Hi® 
oolonr of £r&-clay is generally grey, »nd is somewhat 
greasy to the toneh. A fire clay with a coarse open grain 
is found to be more refactoiy than the one with a ck> se 
even teatare. Ftre^brldka are used for the Hning of ftir- 
naces, boikia, combustion chambers and chimney BneSf 
where great heat is dereloped. 

Fire-bricks should show no signs of fhsion when heat' 
ed to a tempeiatnro of abont Chishing strength 

of bricks should be not less than ISOO [be. /®R» ^ Fire¬ 
bricks weigh about Ifid lbs per e.ft. and abMrb water 
from about 5 to 10 per cent. 

Fire-bricks are always set fa a mortar of fiie-claj and 
not in lime or cement. About 2 e,ft, Oi cwt.) of fire-clay 
is required for laying 100 bricjts. The joints of the fire- 
brick lining shoald be made as fine as possible- The Ore- 
bricks should be merely dipped in well puddled fitO'Clay 
mixed with water to the consrateacy of paste, so that 
thoro is no appreciable thicknen of joint between the &>*- 
bricks- Hie firo-brick liningB shonld be laid one course of 
headers followed by two conreee of stretofaers, Lhne stone 
is to be apoldod in construction intended to be fiie-proof 


Tem*cattii 

Terra-cotta is a kind of earthenware wbiidi is general¬ 
ly used as a subetitute for stone in the ornamental parts 
of buddings. It is made like clay products bumt at very 
high temperature ; usually contains : 0 parte sifted dry 
clay, 3 parts crushed pottery, 2 parts white sand, 1 part 
ground glass. Porous terra-cotte is made by adding saw 
dust or ground cork, and U very light but weak etnic- 
tnrally. It can bo sawed and nailed very easily. 

Terra-cotta is vitrified on the surface and made into 
vanoua colours and patrons^ MoUow blocks are made for 
walling etc. It is fire-proof and is unaffected hy the at¬ 
mosphere and can be jointed with cement mortar. 


BHck Ballmst 

^lould he made of first class web bnnit or 
alightly over-burnt brick-bats to gauge for foundatione 
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and Boor concreto and I" gauge fbr roof csoncrete. Xo 
under^bumt or “jhama*' bricla [oTCf-bomt ponooH) abonld 
be used. About 1100 to 1200 briickfl (9^' sze) make 100 
c.fl. of brick ballast- 

Holloit day Blodu (other tbaxi used for non-load' 
bearing partition valla) fihould each contain a proportion 
of solid material not lam than one-half of the groes ovep-aB 
volume, so disposed that the aggregate width of solid 
material (measured horizontally at right-angles to the 
fiK* of the block as laid) shall nowhere bo hsas than one- 
third of the total overall width of the block. No web 
should be leas than | In. thick. 

Hoibw biocka have certain advantages over bricks: 
they are only about ^rd of the weight of the eame 
number of brii^ and they can be laid a^ub four times as 
rapidly^ and are of ample strength for all purposes for 
w^ch ordinary bricks are used except under concenttated 
loads. They have the advantages of hollow walls aa 
regards insulation against heat and sound* 

Earthcttwuw and StOftBwwre 

Earthenware is made from ordinary clay, fiimilar to 
that used for bricks, burnt at a low temperature and the 
articles are usually porous and wreak. Stoneware is made 
from refractory clay mixed with crushed pottery' and 
stone^ burnt at a high temperature. Stoneware products 
are hard, compact and impervious to moisture* Theso 
products are usually ealt-glazed to make them impervMiua, 

2. SANli 

Sand should be clean, sharp, angular (gritty to the 
touch), hard and durable ; free from clay, mtca and soft 
flaky pieces. River or pit sand should he used and not 
Bca sand except under special circumatanccs os it contains 
Salt and other unpuritECs which will aJJect the utructurei 
All sands most be well washed and clesnp<.l before use. 
(Generally 4 to fl per cent of clay and silt are permitted in 
sand as they improve the mortar to some extent but this 
Percentage must not bo eiresaive, A well graded ?and 
should bo used for cement work as It adds to the density 
of the mortars and concretes. Sand required for brick- 
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work Doo<l9 to bo finor thBu thot for fftonowork ¥'or 
o^m&ry i^niy work, concrete, and fijat coat of plaster, 
the sand ahouM pass throogh a sievo of 12x12 meahee 
persq* m., and lor fine worfca, pointing, or second coat of 
plastering, sand should pass through Ko. 14 or 16 B* 3, 
ftievo but should not have too much of finer sand. (Abo 
See uncbr Mortars and Oonoretiis^*)* Cmahed stone U not 
aa natural sand since crushed atone oontaina 
a lot of fine partJclea like dust. 

The object of m i ning sand in mortars is : 

(i) To prfiTent exce?Bive shrinkage and cracking of 
mortars in setting, especially in the case of fat 
hmea a^hich shrink very much while drying. 
Cements also shriiik to some extentL 

(ii) To iinprovie the setting power of fat limes, 

(iii) To improve the strength of a mortar as sand baa 
greater crushing strength. 

increase the bulk and reduce the cost, ea* 
pecialJy in the case of csement mortals. 

(More detaila are given under "Soil Mechanics," **Rem* 
forced Concrete" and ■'MortarB”d . 

3. SURKHI './ 

(Called Ttaas, or brick-dust in Rngland.) 

Surkhi ia osed as a subetitute for sand for concrete 
and mortar, and has almost the same function as of sand 
but it Also jrnpcirt^ som^ atren^h And hydrsLuli^itv^ SurkliL 
is made by grinding to powder burnt bricks, brick-bats or 
burnt clay ; under-burnt or over-burnt bricks should not 
be used, nor bricks containing high proportion of sand. 
VVlien clay is especially burnt for making into surkhi, an 
addition of 10 to 20 per cent of quick-lime wiU improve its 
quality : small clay Imlls are made for burnlEig. 

^ Surkhi puwder altoald pa^ through tViu- sieve [about 
No. 8 U.S, sieve) for masoniy W 0 'rk 94 

Surkhi for plaster may be made from slightly under- 
burnt bricks, and ground verj’ fino; this will improve the 
hjdrQuJicity of fat Ume, Surkhi must be well mixed with 
lime, preferably in a mortor-mill. (Twt for nndei^burnt 
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brjokfl is that they sti(>u]d not dlseolve in water), Surkhi 
mortar gains strength if left immersed in water* SurkhI 
is not saitable for plaster ex|Hjeed to weathering and humid 
eonditlonfi. 

Experiments earned out at the Government Test 
House, Alipore^ (Calcutta), and in the Punjab on lime/ 
Burkhi mortar showed that slightly over-burnt bricks are 
the best. The surkhi in the experiments was ground so 
fine as to pass through a B.S. sieve Xo. *10 (50 XhjO mesh). 

PoizTiclana (or [mzzolana)—Is a volcanic f^ubstanoe 
found in & number of places but named from the deposits 
at Po£zuob near Xaples in Italy. It id mixed with lime 
to produce mortar. It is also manufactured artihciaUy, 
which is in India. In fact, siirkhi is not an a^lul- 

f^irant but makes cement mortars and concretes mors 
waterproof* more reaistsnt to alkalies aiirl to salt solutions 
than those in which no surkhi is usctL Surkhi mixed in 
cement concrete has been used in some of the big Jams 
other massive works In India. Tliis admixture is 
^own to reduce the temperature rise during hydration 
m a cejnent concrete and reduce cracking. It is also 
nsefol in sea'^w'ster construction, in structures w'hich are 
subject to attack from nggr^ive ground, waters or indus¬ 
trial waters, and in hydmiiltu Btructurea where w ater tight¬ 
ness is the first consideration. Surkhi mixerl cement con¬ 
crete is more plastic, bleeds le^s and segregates le?y aa 
compared to Ordinary cement concrete, A surkhi concrete 
of 1 ^ 2 inch shimp is just as readily placed oa a corres- 
j^nding straight cement enntrete of much higher slump, 
the prO|wrtinn of surkhi recmninended h lO to 30 per eent 
« cement (cement w ill ho proportionately less) but it muat 
A ^ cement. Surkhi should not be 

Added to aluminous cement*. Surkhi is added both in 
mortar and concrete* Tlic arldition of surkhi is accom- 
n reduction in strength as surkhi attains 

J mil strength only after inio year. Surkhi concreto is 
ject to a ^ghtly higher khrinkage than ordinaiy' con* 
Surkhi is not & atatidnrdh^ produce and its proper* 
"^bis ia stiij in experimental stage 
india and should be used with caution, for important 
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vorka. (See under "Extracts fix>m eome of the Genend 
Spedficatione adopted for the Uniiig of Bbakra C an a lw ” 
in Section 17.) 

4. LBf£S 

Lime is classified as fst, pure or rich time and hydnu- 
lie lime^ Fat lime is so called becauae it increaueee in 
bulk to two to thioa times its origlna] roluitio when slaked. 
Fat bme is nearly white and it does not sot under water 
but dissolves^ while hydraulic lime sets and handens under 
water. 

Fat Unae which is also called stone'lime or white 
Ume is high calcium lime with about 6 per cent material 
insoluble in acid, chiefly obtained by burning (callod 
calciniMfion} in a kiln pure limestone^ chalk or eea ehells* 
etc. (cokfuin carbonate). By burning calcium carbonate 
cardoo dioxide is driven off as a gas leaving calcium oxide 
or f ntdt4ir»« in the form of lumps. When water is wured 
over quick-Hmo it almast inum^iatcly crackBj swwla and 
falls into powder with a hissing and cracking sound, 
exploeiona and oonRidexable evolution of heat and steam. 
The process is called jiaking or Aydratjon, and the powder 
produced is called Jlydnafed lime or staked lime (calci nm 
hydroxido). QaLck-Ume should be slaked as early as 
possible after it is burnt in a kjla. Over^burnt or 
burnt pieces or lumps should be picked out and remoireo 
before sUklng. 

Qnickdime if left exposed to the air will absorb 
moiature and carbon dioxide and become an inert powder 
of calcium carbonate or chalk having no cementing power. 
Therefore^ lime ehouki be stored in an enckiaed spMe 
in large heaps and ait excluded as far ae poesible, Lti' 
slaked lime kept in air tight vesads, and slaked lime 
packed in gunny bags and stored in dry place will keep 
sound for months. All lime that has been in any way 
damaged by rain, moisture or dust should be rejected. 

Teat for freslmeaa of white liioe. Unslaked 
lime weighs about 66 Ibs-/c. ft., expanda on slaking and 
then Weighs 46 Ibs./c. ft. when frash^ increasing to about 
50 !bs./c. ft. after 16 days. 
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Hydnulic lime i* obtained by burning hankar ot 
clayey limostonfie^ Um# is csjufladei^ to be hyt^uJic 
when it seta under water witbin 7 to 30 days* lime is 
called feebly hydraulic, moderately hydraulic or eminently 
hydraulic according to Its leodinev to set nnder^ water 
and its properties which depend upon the proportion of 
clay in the lime, which variea from 5 to 30 per cent. The 
laT]^r the proportion of clay, the more aluggiBh the slaking 
and the greater the hydxauJic property. Hydraulic lime 
fllahea very slowly taking aeveral houre or even days 
depending upon ita composition, and without producing 
much heat, noise or change in bulk. Siakmg ia done m 
tile same manner us for fat limes but only just enough 
water is added for hydration and, lime is turned over with 
spades. Excess of water will harden it and it use* 
1^. Slaking action is accelerated if lime is initially pul- 
verised in a grinding mUL 

Hydraulic Ume should be elaked juat before use aud 
not immediately after bumingi, and then passed through 
a screen of I2x 1£ meshca to the stjuare inch, and stored 
in a compact heap in an air-tight dry place* 

Hycfranlic lime ia suitable for worts under water and 
for all positions where strength i* recjuired as it has much 
less tendency to shrink or crack than fat lime, and addition 
of a small proportion of sand improves its qualities. It 
has to be a ground to a very fine powder for plaster work^ 

Methods of Slaking lime 

Platform olaldiig. Lime is apiead m'er a dry non- 
porous platform in a 6 to 9*in* layer and water pK>ured 
over it generously through a noule, aud heaps tum^ over 
and over between each appUcstion of water until t^e lime 
disintegrates to a fine powder. 

Tank alaklng, The Mme is placed about a foot deep 
in a drum or a tub with about i^ree fret of water and 
*llowod to stand for about 24 hours or such longer ijcriod 
a» may be necessary to slate tlie lime completely. It is 
tetter to add lime to the water and not water to the lime. 
The miiture should be well stirred. 

Lime is considered to be completely slaked when the 
temperature of the Ume and the wnter ceases to rise and 
Miy furttiBT additioQ of water alf«i produces no further 
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chemical action or heat, but as a precaution, water should 

allowed to stand on for 12 hours or more for white 
limes and until the normal temperature is restored. A 
vigorous slaking with heat and noise indicates a high 
calcium content. After staking the lime should be screened 
through a screen of 12 meshes per lineal inch, or kept in 
excess of water to form limo putty according to the re- 
cjuirements. Limes must bo thoroughly slaked especially 
for plaster work which is also ground very One, any 
unslaked particles left will produce “blisters”. 

Setting and SnitabiliCy of Limea. In the case of 
pure lime, the hardening takes place partly by the absorp* 
tion of carbon dioxide from the air and partly by drying 
which is facilitated by dry conditions, and the setting 
action is very slow. Slaked fat lime has a great tendencj* 
to absorb carbon dioxide from the air when it dries and 
hardens but it shrinks and cracks on drying. This lime 
is mixed with large quantities of coarse sand, up to two 
to tlirce times it volume, in the preparation of mortar 
which makes the mortar porous and increases the absorp** 
tion of carbon dioxide for the hardening process, and also 
prevent shrinkage. Mortar from a mixture of fat lime 
and sand will set in thin wall joints and under heavy 
pressure. In thick*wall construction, the mortar in the 
interior very often never sets or hardens but crumbles 
into a friable powder and does not acquire any strength. 
As such, fat lime is suitable only for thin masonry wall 
joints and for interior plaster and not for works in wet 
foimdations or under water as it dissolves in water and 
does not weather well in exposed positions. 

Hydraulicity and setting porperties of fat lime can 
be improved by the addition of surkhi and grinding the 
mixture in a mortar-mill, (see under Surkhi). An adcfrtion 
of 10 to 15 per cent of cement to a fat lime mortar also 
improves its quality considerably (see imder oement/lime 
mortars in Section 7). 

The huxlening of hydraulic lime does not depend on 
the absorption of air ; the setting of hydraulic limes and 
cement is facilitated by the presence of water. The 


I 
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wtting action of hydraulic lime is much quicker than 
tnM of fat lime. Only eminent^ hydraulic lime is suit- 
abte for under-water works but it should not be immersed 
within 48 hours. 

^rni^ of Lime. Limestone is burnt in clamps 
Fuel used is generally, coal-dust or fire-wood, 
(y^dung or htter should not be used with kankar. A 
clamp TOnsists of a heap of limestone and coal stacked in 
wternate layers and is used for burning only small quan- 
titiee of lime as it is a wasteful method. 

Out of loo parts of pure limestone burnt, only 56 
pwts of lime are left behind. ^ 

After burning kankar lime it should be ground without 
oeiay as it deU^rates rapidly if left unground during 
the raim. The limes (both kankar and whitei after being 
ground dry should be carried to the site of work in gun^ 
osgs, and not dumped or stacked on the ground. 

^ Meagre or Lean lime, contains 
nnm 1^0 to 40 per cent impurities insoluble in acids such 
M s^d Md stones, takes longer to slake, does not increase 

par® lime 

and has inferior plasticity ; colour may not be white. 

slaked is used for polished plaster 
jn^hite washing. It cornea under the category of *fat 

MiaSag of Ume Mccars. Lime 
m^rs require grinding to slake the unslaked parti- 

intimate mixture of the materials. 
ume/8url^i mor^ are ground in two operaUons. first 

ground together and then 

IS added and again ground. For big jobs grinding is 
^ m . bulfcck driven morUr-miU (« m«lSe).1n “ 
S® diameter of the track should not be less 
yw 25 ft. No piece larger than J in. should be introduced 
smaU jobs grinding can be done by 
ingredients in a small pit and mixing. Small 
J^titiesofmoi^rcanbe mixed by repeatedly turning 
^^e matenals with a shovel, and aftUrards with a 
»^wei, so as to mix them very thoroughly. 


ia/i4 isroiAif ('RAcncAi, civil snoinejsm' hamobooic 

hydmilic Ume '^sucoeesfully naed 
for vorka under water ewn be made ta foUowa : — Fivfl 
and a half parta by volume of ordinary slaked 
paste ifl miieci therougbly with one part of clay and the 
miiture made into balla, which when thoroughly dried ^ 
burnt sn a kiln. The burnt balls ace ground into powder 
and zmxed with aand in the proportion of 1 : 2 for mor^ 
for ffaperatructore work and in the proportion of 1:3 for 
mortar in concrete and footinea. Hydraulic lime can also 
be made by burning an intimate mixture of 4 parts ot 
fat limo and 1 part of clay. It has a tensile strength 
of about 200 lbs, per aq. in. 

Deposits of pure limefitone and chalk are white or whitiih 
blown or of grey oobur. Clayey and silickma limestonea 
have li^t brown to dart bcow-n cobur and a dull 
appearance indicating the presenco of clay. Goodhydrauba 
limestones show a bluish or yellowish brown colour 
compact texture. A freshly fr^tured surface when damj^ 
with water has clayey taste and an earUiy smell. Pure 
white limes dinolved in dilute hydrochloric acid, leave 
very little residue and havo vigorous action (effervescenoe). 
The quantity of sand and clay in lime oould thus oe 
ascertained. White lime which ^vea a rcaidue of more tl^ 
10 per cent by weight of impurities should be rejected- 
The hardest varieties of limestones can be scratched by a 
pen^knife. 

Tests for Strengtfi of Lime Mortars 

Two bricks are joined flat in a cro®* fashion one over 
the other with J-in. mortar joint- Bricks are thoroughly 
soaked in water before joiniiig and cured for 7 dajTi aftir 
they are jointed. Load reqidred to separate them at the 
joint gives the adhesive strength of mortar which ahould 
not bo less than 20 lbs. per sq. in, for 1 lime to 2 sand 
mortar* For testing tensile strength p briquettes are 
made (aa for cement test), and cured for 24 days by 
immersion in water. A good hydraulie lime should have an 
ultimate tensile strength of at least iOO Ibfl- per sq. in. and 
A fat lime 40 Ibs./sq* in,, with I :3 Lime—santl mortar. 
The compreasivo strength should be 4 to 5 times ita tc*n 
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Bile strength. MortRr consisting of 1 part good qnatity 
kanker lime and 1 part eand should develop a compressive 
strength of over 700 lbs. per sq. in. after 3 months and 
twice that after two years. A pure surkhi mortar gives a 
breaking strength of about 80 to 00 lbs. per aq. in. if left 
in dry air, and 300 to 350 lbs. per sq. in. if left immersed 
under water. 

Comprmive strength of 1 : 4 cement-sand mortar after 
3 months is over 3,000 lbs. per sq. in 

Simple method of testing the strength and suitability 
of a particular limestone or kankar is to bum the lime¬ 
stone, produce lime, mix it with the required proportion 
of sand and test the mortar as described above. 

Plaster of Paris is calcined gypsum. Mixed with 
ordinary lime it is used for repairing holes and cracks in 
wooden or plastered surfaces, and for making moulds and 
oi^mental works. When mixed with water its swells 
shghtly and sets rapidly. 

Gypsum is natural calcium sulphate and occurs as a 
soft stoiw which is from white to dark in colour. It is used 
mainly in the manufacture of cement. 

Barium Plaster is employed as finishing coat to X-ray 
^inwalb. It consists of I part cement, 2 parts of fine 
of coarse barium sulphate powder. Thickness 
vanes from i in. to 4 in. 


Kankar ^ 


1 : “ extensively used for producing hydraulic 

uroe. The nodules should have a blue grey fracture, free 
®^y SMd grains or mud sticking to them, and broken to 
psss a ^-m. gauge before being calcinecl. 


_^Kankar is a nodular variety of Umestone which is of 
^Poogy nature, found in almost all parts of India contain* 
clayey and silicious matter. It is 
The or blocks, or in separate nodules. 

anH deposits at various depths, 

^^the iR^ular variety is generally found scattered on the 
or m small thicknesses a few feet below the surface 
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in tkfl low-lying portions of the catchioents of uaUss 
rivnbta. The tiodnba are of sizes varying from i in. to 4liu. 
l^odalar kankar is superior to block luokar but is not avau- 
abb in large quantiti«. Shining or glittering particle* in 
a fnssTi fraotnre indicate presence of sand. The pro^rtioM 
of clay anri sand can ^ determined by di^lving the 
sample in pow'dered form in dilute hydrooblorie acid and 
determining the residue loft ,“Bichwa" hankar oa 
in the Punjab and i* considered to be the best* (Also 
we under ''Konkar Hoads''*) 

5* MlSCELlJkNEOUS atATEBlAI£ 

Coke is used for smelting iron and in other indtisUlea 
oonnfieted with metallurgical works. It is produced 9£ a 
“by-product'^' in the process of tar-coal nianufactured! 
bituminous coal. It is soft coko or bard coke. Ooko ooiMists 
of dark grey, brittle, porous nodules of hregulaT 
ooutaining 80 to 85 p o of pure carbon, and slightly lighter 
than water* One ton O'f average Indian coal yields *PP‘ 
roKimalcly : 0*5 ton of coke, 12 gallons of coal tar &nd oiia* 

Su^m or $oft cflflti is bihiraLnous coal which bums 
with a amoky Bame. 

Aabcttoais a hbrous mineial (which can be fieparated 
into fibres} of a white, grey or brown colour. It has 
eiceUont fire resisting properties and is used for h^t, sound 
and electric insulation. It is alao acid ana warer-proo^ 
Asbestos paint is made for heat proofing ami souoa 
proofing- It does not shrink, ewell, crack, cmmblfi under 
heat or cohl* The aoperior quality can be spun into co«r» 
threads and woven into ek>tb* 

Aabeatoa-Cement is a combination of asbestos 
fibres and renient * about 15 p* c. of aebeetos fib^ are 
mixed with cement* Asbeetos cement is very durable and 
possesare great resistance to transverse and teiisiJe atresaea* 
It is commonly used in the form of roof sheets pip®®' 
Asbestoa-cement products can be cut with a hacksaw* 

Clinker is the waste from furnaces and r^mblee 
burnt ooai. It is used u an aggregate for inferior cOE- 
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a. MIXTLHES FOR MORTAL ^ 

The function of a mortM jJ ^ HLaaonrs^: (<0 

atouee in the construction of Tnasoiiry 

form an even bed between differe ^ bwer 

I work and to .lUtribute the bad {aggre- 

' end (»’> 

.ith or 

Mn^rtcn Air IIACArty mAilP lATgrly f > 

to secure the determine the beat 

nnd effect aiving, it ^^ suggested which 
proportions^ The follow ni^ ^ ^^hv^cieht nr bv 
are bj volume of dry materials; cement is b> w eight 

^8**^ - _ _ _ ^_u««fv...pv Works 


Cement Siml 


General 

,p and boUnw hlocio 
p,p cociunon P+-' 

^ SecUpQ 7 
Fine sand 
Oanc uu>d 
GonuTVOn KTA 


Kankar iime v+v I 
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41 tl ', 

iljinicium belnw 
ground nr water- 
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cretes and 18 much lighter and porous. Generallv Iim a»<he« 
xnixeij with it. * 

Fumce Slag. Slag is a waste prodm t uhtninwl from 
oiast and cupola furnaces used for the manufacture of 
caa iron. It is crushed when cooIe<l to make aggregate 
or con rote, railway ballast, and blast tiirna e cement, 
•etc. file blast furna e slag when finely grountl exhibits 
wmtnticmus propert.es. Makes a goo I aggregate for 
nrc-resistj^ag purpises. It is most suitable for the manu- 
lacture of partition slabs or con retc blocks, but not for 
weight bearing structures as the slag is liable to contain 
sulphur. 

. Breeze is a similar product to clinker, ob- 

tauKXl from giw works and coke ovens, it is light in weight 
and porous and can l>e used as aggregate lor slabs and 
biwks m which nails can be driven. Slabs or blocks of 
lightweight concrete made from coke bret-ze, slag or 
ciiiaors have heat insulating jiroperties. 

Fu^c© slag and coke breeze should never be em¬ 
ployed for reinforced work. 

Bretx w a general term for furnace ashes. 

, Percha is a substance somewhat like India 

rubber but stronger and less elastic and is used without 
^y admixtures. It is obtsine<l from tlie exudatioiu of a 

large number ofspeciee of trees growing in Madaya. It is 

»ug t and hani like wckhI when cold but becomes plastic 
when warmed when it can be mouMed inU» varitics of 
orms. It IS superior to rubber and is geiicraUv iisetl 
for tlie manufacture of cables unrler water and such tvpe 
of works. * ^ 

. ,, ^*'bo«-undum is a polishing abrasive made artifi¬ 
cially by mixing m c-ertum proportions sand and carbon, 
ami healing the imxture to very intense heat in an electric 
fornaco. lt IS ^1 for making grinding wheels for grey 
iron c^tmgs, hard alloy's, stones, and gfoss etc., and for 
pohshmg cement concrete floors. 

Emci^ IS a variety of carborundum stone and is a very 
har.1 abrasive matenal. It ia ohielly uaeU for making grind- 
mg wheel, emery cloth and emery paper for Hilling 
g^ anil other liard matenala Emmy ground to liowder is 
glued to an oniinary cotton cloth or paper. 
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Preparation of lime paste or putt^K Lime ia 
aiAkctl in & tub^ mixeil with a large tjnantity of aater^ 
s^rrvd and aerccaetl tfiroug'h a line sereon of 40-mcah to 
the Imcj^ inch or a coarse clothe Again kept immereed 
in water for 7 days, when the excess water is poufed off. 

. Mortar* (Also seo under “Plaster- 

JDg m Section 7d ^ 

A small quantity of hydrated a'hite lime in a cement 
mortar iiicre&^ it.3 plasticity and make^ it easier to use 
and at the i=amo time reduces shrinkage erockA* and 
improves its qualities of water-proofing* ft liaa been 
reported that experience gained over several vears in 
rope mdicsated that coment/lixne/sand mortar.-? are more 
successful sm renderings tfmn ocment/&and mixe^. A 
pn^rtion of 1 : ; JO-ccment / lime / sand is usually 

i^mmended, Lime/coment tnortaw should be muted 

enough to bo used within 5 or 3 hounj, 
before the cement has set, 

\Vood (ioat finish ia preferred to steel tiowellmg. 

.r 1 of not more than 20% of hydrated lime 

fibghtly increases ihe strength of tiie concrete but this 
ron^te is not suitable for positions where water is met 


General^ Remarks for Preparation of Lime 

1 *thoroqgdy slaked white Hme which 
has Jcf pt in water for L>4 hours for 

anti hours for planter work after 
screened tlinough a meflh of J2x 12* 


nift'^onry wrork 
slaking, and then 


(»0 Fat lime or surkhi mortars, without an admixture 
o cement, pe not suitable for exposed works. Fat lime 
IS good for Ulterior plaster. 


It h&>i been foiiod that oven 1:8 cement mortar ia 
stronger than I : 3 lime mortar by about 50 per rent. 

{hi} Mortars made w'ith hydraulic lime should not 
be exposed to running water unless set. 

If one pound of washing soda m mixod in three galls* 
of water used for the preparation of cement/sand morUr, 
It will make a water-tight mortar. 
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{vi) VVhetj aurkhi nw\ lique are used t^iev aiiould 
be therouglily togctKer* Surkhi uimjt be ttmund 

very fine. 

(y) Afortar for iK>Liitmg ia ^mund very due. 

(t'i) Sand use^i for mortars f5>r may^oiiry work Bltould 
eongiiit of tfJior^ angula r grains. Itounclod‘grains do net 
intcrJock sufficiently to produce ti strong mortar. Coarse 
Hand produces stronger mortar tlian fine sand ; find sand 
wjuirea more water tkan eoarno sand and conserinently 
the mortar is less dense. A well graded Band in wliich the 
percentage of voids is the minimum produces the best 
mortar. L'se graded niedium-fine sand with cemeat, 
and coar>;e sand with fat lime mortars. Coarse sand 
re<yiirea greater proportion timn fine sand. For mortar 
ftnd conc^te. not more tJian 30% by weight shouki paas 
the 30 ui. screen and not more than 60% Blvould imss 

Ir i"* “ ^htl particles k given in "Soil 

Mechamca '.) 

(r*i) Fine sand is used for plaster and pointing^ 
through Xo. 10 fl.S. sieve, hut not more than 10% 
sfiouW through Xo. ir>0 B S. sieve. (ThLs fine sand 
w no suitable for R.CrC. works). Very fine sand will pDi^ 
aueo LTarkij. 

th Cinders should be screened througli €4 itieah to 

100 c. ft. coarso cinriem = 67 e. ft.cintler powder, 
lore of cinder? gives a leaner mix. 

ni ’ deteriomtcil in n^peet of 

IL 1 ^ ^ place of lime and makes hettcr 

mortar than fat Jime. 

ir. iule i in. to { in. long (or hair) is atided 

nn « ® for plastering in the proportion of about 

lf«?. to every 100 c, ft. of slakeil Ume. 

I * Addition of a little powdered soap-stono increases 
the wbdenesa and polish of a Ume plaster. 

7, STOXh:s 

, . ^*<ological ClaBsification of Hacks 
rikn tliat three-fourth of the land area of 

fourtl'^ if setlinicntary rocks and the other 

fomiaVo metamorphic rocks. l)laLn three 
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/gnwitf Tock^ : Art of volcanip origin^ fcifraeil &( a 
rtfluJt of oonMiliclation or Boti<Iiflcntioii of niulten niateriiilft 
either in tbfi interior of the fl*rth*s oruat or tijjon its flurfart. 

rtpreaent ft crystalline glaitay or tciture^ 

Generally, igoaou!^ rockii are hard, tough, demie, irnpcrvloim, 
atxong and durable. Granite, Dolerlte, Ikififtlt, Trap* are 
exaniplcsv Form cicellent ooncroto aggrtgnte. 

/Icwi foct*. Igneous rucks containing urer &’> per cent 
of Hilica. Compurtil with Imsio rocks* acicl rocks are uf 
lighter rtlour, anti, in ooftfseiy cryalaUine verities: 
silica Or quartz can be iseen without the uae of a lerw. 
Granite is an acid ruck. rock : Tgneutia mcks ctjutain- 
ing lesfl than /■r2 per cent of silicu. O&mparerl witl'i acid 
rocks they are of darker oolcrnr* and only rarely show 
free silica or quartz. Basalt and dolerito arc basic rocks. 

Sedimfnlar^ or Aqueous rocks : Arc fornird by tlie 
isediments deposited chiefly by water ami to some extent 
by wind and iec* (tiand* gmvel, clay* cemented together by 
Bibca. limt* etc.J. They represent a theddcH or stratified 
structure in general the individual bcdA lying one above 
another, often being distmguisl.ablc tjy dilTerenccs in. 
oolonr, texture or composition, ?day ch»Hc grains 1* 
compact or open textured. SanflstuneM, LiniestODO and 
j^haie are examples. Gravel* sand, adt* clay and peat arc 
coiisidered oh unceincntefl anrl unc(>ns<ulifliited sedimentary 
Tocka, 

jJ/etom£j*^Atc rocks : Arc either igneou-s or seiiioientary 
in their origin but subsequently changc^l due to move¬ 
ments of the crust as a incsult of inetiimorphie action of 
heat and pressure, Jlctamorphic rocks have a foUatod 
structure in general and also show layers of stratificatioii 
which are not always unifonn, Tnese rocks are hand and 
durable, Slates, Schists, Gneiaaea, QuartzitCj tstiiie hanl 
Shales ajid Marbles, etc.* are formed in ttiM way. 

DefiniGana of same Terma 

Bed-rock, Any harrl rock-bed underljing soft deposits- 

Bedding pianc^ The plane uf junction between adja¬ 
cent strata in (kposits of scdinientarv origin. 
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OUu>iul ilcpwitA. 

Dtifl. AH ^upefftt ial dfipoaits of the s&tt\Cn trust 

siicih ns hnulilfr rlay. Hands? and gravelp, AUnvinni, 

Drf/ 9 . Swins icontnining materinls not thoiougjijb 
cempntofl together ; crawfoot-x are veinH containing dark- 
oolonrerl imrenicnted materials 

Kluviatit. SiiperficiBl depjsitii forme<i of fragmental 
material frtsiu deposita wliich have not been trans* 

pt>rtecl by wind or water, bnt may have moved dvwn 
hill «lope«; under the actKin of gravity Tvhen in a water¬ 
logged condition. 

A disloeatiuii of conttniiitji' of rock strata as a 
rwult i>f cracking of t he earth’s cruet. 

Fi^fttre. A crack, break or fracture in rock maBs. 

Frtf^Moner A rock used for building whicb am be 
<[UaiTied hy splitting easily along certaLn biding or 
Joint planes. *\lao a rock of even texture which can lie 
ornamentally carve?! for building. 

.4/in^raf. A homogcneoiiH suliMtaiito <‘f dctinite 
eheinictd coinp<>sition and constant phTi"Bical cha ratter, 
Doposlta forming the earth’s crnjgt may be ft>nipo«eii of 
a mineral or of an aggregate of mlneTa].‘+. 

Rnbhtf. : Irnej^ular shapes I (nattiral), but approJEJuiately 
cubical pieces of stones, 

Quorns; Corner Bt<uies having two faces mado plane. 

Flag-^tones and Paving Mf# i Flat st^iiiie slabs used fiir 
floorings or pavingSH 

Stmetnre of Rocks 

TI\ere are two main diviaions ^ 

Stratified find Unstratified : 

Stratified rorks arc actlimcntary rtivks which were 
deposited in layers, and can bo ent^ily split along Buch 
layers, which are called ^*plane3 of cleavage’’. Unst ratified 
rocks are of igneous origin and arc atixmger, 

Natiml Red of a stone ia the original jaisititm occii- 
pied by it daring its formation which may he either hort^ 
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7 r>iitul or at an v itli tiiL* ^nrfat-eof t lie eartS. ^'oT^^ 

metainorphic njck, the plane of cleavage or t!ie pinlie of 
folLation ia treated a natural heil, but in igneous mcka^ 
nntura] bed is dlBicult to be traced and is also of less impor- 
toTice. A stone in Rtrongest when resting upon its natural 
bed. Stones sliou Ld Ije placctl Ln 11 builfling with their 
Duturul bed at right angles to the direction of tlio load 
or piesaiLro- If the pliine of foliation is pareUc] to tUa 
face the la3''era will tend to Hake one after another. 
In string courses axnl cornices, natural bed is kept vertical,, 
while in arches it rndicjil and at right angles to the 
thrust of the arcli. 

Stratified nn-k’S are often travcrsofl by cracks which 
are calbrl prfna nr 

SemseniDg of Stones. iJnn^tiaies, Snnd-^tones and 
I>atentes when frcslhtv quarried contain siMiiu; inoiisturc callofl 
‘‘quarry' and in this state they an* frrifter and t-an be 
easily' \corked. As the mnistui^i'^ evujKJnitCsjt the stones 
become harder* I'herefore, t'lew stfmes j^hoiild bcexfiosed 
to open air (ami not snul for two hie^iRon^ before use in 
masonry* 

CHARACTERISTICS OF THE PRINCIPAL 
BUILDING STONES 

:S|teeiticutioiis of Stone ibvfionry. see under 
“Miisotiry sinicturod/^) 

Granite ' A hanl rough-surfaced uiistmtifieiJ igneoua 
!Mck tliat fK!CUTS 1)1 CfunjparativeJv Jurgc that have 

IjCfu formed at coiisiderable depth. The beat forms of 
granite ate amongst the stroiiest ami must durabJe stones- 
The textUR' (if granites vary frunii cenarse grained to tine 
grained, iine gniineil is more valued and can Ihj easily 
wurkert and |H> 1 islied. It is iLsnally uniform in colour and 
tc.xtarc (with inottlcid appearancej and weatlicra avcIL 
The Clthur varies from grey* gn en* hmunish or rCTiditili to 
black. Being ci heavy slcnje. it it^ gencraJJy employiMl in 
very oK^Mciefl and nuitviiivc ulructnres anil thrwie subyerteMfi 
Ui heavy lnnd.-(, htjiI for n>ad metnh Excellent building 
matennl. 


BUlLDL'iC itATtRlALS 




Caeiss : [h n Eietaiimrpfiip (nmy Ijc^jitluM .■Miliin’entioy 
OT jj^rniK^us) fiirm <»f gniiiitc iNivuig ttitf niiiieml 

ctfmiposition. It lin^ a i^trutiiLeiL structure ami plnriesof 
foliation a lung which it tiin Iw caaily split up. The prin¬ 
cipal tiiiiieralij corvtainwl nrc tpiarU arnl tVbipur ui feJiisparK 
with a block ur white luieu, furming irrcgniar stn^aks 
iiearly pamlle]. to one iiiintlier i?tjniposeil alternatively of 
light celoiiiwL aiwl black tnlricrat>4. yiiiirrying i« CASier 
ami yield gotml pavitig blot-kn otid rrtfid inctal. Hwaii.’^e of 
ita^ Unclean appearance it is not very diiit5d>k' for fai-e 
^vork. 

Schist ; Is almost like gneiss ; a foliated niclainorpliie 
rock usually thinly kniiiiateif in which the inincrnk are 
arranged in sub-twifallel kanh of streaks and in whicli 
micas are prevalent. It can Ihj aplit up tn thin iriTjEfular 
plat^. 

Bugalt : is a Iwisie rock» tine ^raineih 

glaiisy texture, very ttmipiiel^ iuml and heavy whicii ivlieu 
of good tpiality breaks with ji dean fracture and rings 
wliciii struck with n lianimer. It is hard To work and 
durable ; varies iiiuch in ipialiiy and is not obtainable in 
large blocks, t.’olour varies from grtenisii grey to dark 
grey and somelEineis bliii'^b iriack. lied and yelkov varieties 
are f«'>fter+ Tlicse HUuies are mostly suit aide for road 
metal, (lag stouei?, and aggregate for conciv-^tc iilthough 
used fur rubble niusoim' work aa well where no carving or 
moulding is rerpiirietl. Trap is almost the same. 

Conglomerate i Is u mass of saiuf gravi'k rtunidctl 
pebblea, ete., of vnriou.^i noeks^ of i^Mliminitary or volcanic 
Origin embnldeil (eenientrsl togi'ther) in ;i mati-ix of finer 
materiflb 

Limestones I l^iincstnues Irclong tf> the grcMip oP 
stratiOed rocka atnl consujl casent rally of earlxrnatc of bme 
intermixed with ct'rtjim iinpiiritfes (silicTa^ nlurniim, iron, 
miuerabt. Tiiere tire many vurities irf limestones 
differing Largely iii cftlnur, texture* harrliK^s aiut iliirahilrty. 
Linieatoncs are eii'^y tf> wnrk^ aud are a gooil building stone 
03 teganls rlumbility and weatlierlng i|inditjcH if t-<tm[inct. 
ftTAttied, dense and ciyKtalline in texture ; w>ft ■pinlities ibx 
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not weiither wefl. A knife scratch loaves a well marke<l 
line filleil antli white powder. Effervesces in oonxact with 
dilute Holution of acid (which is not the case with dolomite), 
therefore, it is not snitable for use near industrial towns. 
'Colour is penemlly white, grov, bluish yellow or even black, 
and some varieties take goo<l polish. The crushing strengtii 
of limestones vary considerably l>eoau8e of varied composi¬ 
tion anfl (|uality. therefore, the stone shouhl be testcfl be¬ 
fore decirling on a safe compressive stress. 

OoliU is a variety of limestone. 

Chalk is a white limestone composed of almost pure 
carlMuinte of lime. It is dry porous lime rock. 

Marble : Is a compact crystalline carbonate of lime 
or limestone fonne<l by the metamorphic action (re-crys¬ 
tallized by heat or pressure). \ good marble is tlie 
strongest variety of limesb)ne and is one of the most dura¬ 
ble of all stones. It i-s obtainable in varieties of colours, 
plain or mi.xori, from white to black. Can be easily sawn 
luid carved an<l takes a high polish; is suitable for ornamen¬ 
tal or superior type of buU^>Iing work. 

Atffillaeeowt or Clayeif Lime^tonr^ do not weather well 
but are most suitable fbr the manufacture of hydraulic 
limes ami cement. Konk tr is an example—has been dee- 
cribeil l)efore. 

Sandstones ; .V .sandstone is a soft or moderately 
stratified (He<limentary) rock consisting of grains of sand 
or quartz oemente<l together by .silica, alumina, iron oxide, 
•etc. Strength and durability depends upon the material 
«x*menting the grains of sand together. There are varitiee 
-of samlstones, fine-grained and coarse graine<l, compact and 
<»pen-textured or porous Bwt sandstones have very fine 
grains. The characteristics of strong and durable sand¬ 
stone are sharpnoas or finexicKs of grains, clear and shining 
translucent appearance on a fre-ihly cut surface, while a 
soft an<l {tarishuble stone .shows rouml grains, a dull matt 
■surface on a fresh fracture, and a tendency to split into 
thin la>’er8. Sun'lstonos vary much in xjuality and many 
varitics are too soft, friable and porous to be of much use ; 
those writh least quantity of lime ami iit»n are the most 
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thirable^ Good sandiitoru^ i.s fnund in thk'k strata frona 
■sjfhich it can be quarried Ln lai^ bli>ekri, anrl is gcnerallv 
Oftsy to work and dress. A sandstone imrst be uai^l on ite 
^‘natural bed”. 

A gCKxl accelerated test is to boil J-in, she pieces in 
water. Rapid disiDteiZTatlnn indicates a weak Mi>ne with 
a tendency to w'eathcr rapidly anti is not sultahli' for enpfi- 
neering works - 

Sandetoneti and limestotiCH slioiild not be tised together 
ill a etnidture as the chemical action fbrnietl in limestone^ 
due to atmoephertc reactloiia will dLsintecrate the lime¬ 
stones. Sandstones exhibit different shailes of ciikiur such 
m white, yellow, light grey or lirowii nr even ret! and pink. 
The colouring matter h chiefly irrui. Sandstones resist 
heat well and are extensively useti as k>crtl huSiding mate¬ 
rials, but are not genoraUy suitable aa toad inctai or r<iil- 
way ballast unless t>f tiie lianler (|uality. Tiiey <lii not 
stand abruaion. 

Q^iartx I A metanior]>hosffll mineral n>ek eompwe^i 
entirely of silica. 

Quartzite (metudmg Honist^>De or Flintstone) : Is a 
form nf ailicions eandetoiie cctmposed of quarts grams 
cemented together with stUca. Et is the hanilest and 
Strongest n>ck ivith atratiKed structure and crji staUine tex¬ 
ture*, more Compact anti dense than samlatono- QuartxiteB 
are hard to work and break up into irregular cnlics w ith 
uneven lustrous surfaces. Colour varies from bniwm i!e<l 
to yellowLah whiter Used for stone walling wdicre quarrieid 
in large blocks, also for concrete aggregate ond road metal- 
bug. 

Laterite ; Laterite ia a soft siiinly-clay stone with a 
ponjus Or cellular structure, a mixture of reil and yellow 
t^trlual soils or surface pitalucts that have origluaterl in 
Hitu fmm tlie atmospheric weathering of rocks, impregnat¬ 
ed w'ith iron, strcakeil red and yellow brown to black in 
colour* It is easy to work and can be quarrieil 
With tlie (lid of pick axes. When freshly quirrled the stone 
13 wet and soft^ and should not be used until scASoned for 
a niontli or two when it becomes harder. Is generally 
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procurnble in large hIiiW and can bo easily cut into blocks- 
The slabs selcctCKl for work should be compact in texture. 
It is suitable only for light road and building work of in¬ 
ferior type. 

Slates : Are inctnnjorphi»* laminated clay rocks in 
which tine cleavage has arisen by earth pressure. Tiie 
stone can be split into very thin slabs along the planea of 
cle.'ivage, but they split als<i in directions other than that 
of b(yl(iing. A goofl shite should be fine grained, compact, 
light and thin ami should not absorb any water and should 
give a shaqi metallic ring when struck. Colour is grey, 
blue, black, purple or greenish. A common test for roof¬ 
ing slates is to place one on edge to half its depth in water 
f«»r 12 hours. If the water approaches the top of the slate, 
it should be rejected ; if it does not rise beyond 1 inch, it 
may be considenNl ns practically non-absorbent. Or 
alleriuitively, a goo<l slate after 12 hours’ soaking shouhl 
not have nlworlietl more than f oith part of its weight- 
Thcy arc generally use<l for roofing, <lamp-proof courses 
and for flooring. 

Shale : .\ coinpresse<l ami laminate*! clay, or a kind of 

clayey stone not so hanl as slate, with or without asaooi- 
atwl organic matter, splitting readily into thin plates. 

Flint : Kock or boulder consisting of very tine 
crystallfne silica and sometimes showing remains of spongv' 
and other organisms. Has a conchoidal glassy fracture. 

Mica Schist : Is a metamoq»hic composition of mica 
and quartz, crystalline and tine grained in texture. Cokmr 
Ls grey greenish, yellowish or brownish black. It is not 
^ suitable for masonry work but can be used as a nmd metal 
for light traftic ron^ls. 

.^Moorum : Is <lisintogratefl granite or trap which has 
l>ecn weatherefl in situ ; a gritty siliciou.** material with 
Itinqvi or stones not exceetliiig J in. in size and " ith a 
natural juimi.xture of clay of caIcariou.s or lateritc origin. 
, ■ ' r* 4 vl ti»r top dressing of metalle<l roads or for tilling floors 
or other sucli ty}>es of jobs. The upper surface of moorum 
de|*<*sit is softer than the lower and the total thickness is 
not gencmlly more than alsnit .■» ft. 
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Pomice : Is a highly vesicuUir “lava froth” formed 
by escaping gases. It is a very light rock which can float 
on water. Pumice stone is use<l n.s aggregate for light 
weight concrete manufacture ami for scrubbing concrete 
floors. 

Requirements for Building Stones 

The chief requirements of a buiLling stone are : 
■strength, density and <lurability combined with reasonable 
facility for w'orking. A good building stone should be 
hard. U»ugh, compact graine<i and uniform in texture and 
colour. Stones with uniform colour are generally found 
to be durable. lied and brown shades and mottle<l colour 
iniiicato the presence of injurious materials. Generally 
spfuiktng. the heaviest and compjwt grained stpiies are the 
strongest and most durable; a building stone should have a 
crushing strength of at least loOO Ibs./sq. in. A rrj'stal- 
lino stone is superior to a non-crystalline one an<l tirmer 
the crystalline texture, the stronger it is. Igneous and 
metamorphic rocks are generally heavier and more durable 
than sedimentary rocks. .\ stone absorbing Ic^s Mater is 
stronger and more dumblo as it M ill have less action of 
rain mb ter. A good building stone should be free from 
decay, flaus, veiiu, cracks and santl-holeti. 

The surface of n freshly bn>ken stone sliould lie bright, 
clean and sharp and should sIiom uniformity of texture 
without loose grains, and be free frt>m any dull chalky or 
earthy apj»earance. Stones shoM ing mottlei! colt>ur shouUl 
not be used for face Mork. •Free stones are useful for 
carve<l Mork. 

Stones should bo properly senstined by ex|)08urc to the 
air before they arc put in a structure, as stones increasu 
m durability after quairjdng if well seasoned, cspcciallv' 
limcs^ncs, suntlstones and laterites. Stones newly quarrie<l 
contain quarry-sap and can be more easily worke<l in this 

*Stonr3 arc termed “frre»tone»** if granular in itructure with no 
planes of cleavag and therefore no tendency to split in any direction. 
Fme-nraincd frt^tones are used for carved or moulded work as it is 
possible to obtain much finer arrises than from the coarser grained 
vaneoes. 
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condition. The liani stones such as granite, are most 
<lurablc aith a rock-face finish, while the softer and more- 
absorbent stones are usually most durable with a sawn or 
niblied surface. Tlie estim*ate<l life of granite, gneiss and 
gtswl nandstono huildingH is considered to be well over 
years, while limestones uiul weaker tv'pesof sandstonea 
hanily lost for oO \'cars. Hanler varieties of crystalline 
“time's having a dense texture receive a j^d polish, 
(inmites, marbles, slates ami compact varieties of lime- 
stiUWH can be polisheil well 

The strength of a stone is greatly re<Iuoed under follow¬ 
ing conditiona: 

(«; Alternate wetting and iirving, especially sand and 
liraeHtiipfs. Stones in wet condition show a lower cru“hing 
strength than w'hen they are dry ; strength may be reduc- 
cil by to 40 per cent. 

(fc, Impact and intermittent loads as in the ca.se of 
machine roiiinH and piers or abutments of bridges. 

(r) Fire brings about rajad ilestniction of stones by 


ilisintegnition. 

Simple Field Tests for Durability of Stones : 

(a) Crushing test. The crushing strength of a stiino 
greatly ilepen<ls upon its texture anfl R|iecific gravity. A 
stone of even texture and of specific gravity greater than 
2‘7 can take hejivy kmdH. Safe coinpre-sive Kwids »>n 
stones should be taken not more than one-tenth of the 
crushing kuwls determined by eul>e test. Stonw generally 
begin to cnick or split under ab<mt half of their crushing 
l(»ads. 


{h) tr nbsorpiion : Porcius stones such as. 

coarse grained sandstones should not be used. A good 
building stone should not absorb more than *3 j)er cent of 
its weight of water after 24 hours immersion. Any stone 
absorbing more than 10 per cent or having specific gravity 
less than 2 5 should be rejected. 

(c) Structure test : Small pieces of the stone are kept 
for about an hour in a glass of water and then shaken 
vigon»usly. If the water gets dirty it shows the stone* 
jMirtick- arc n4*t properly cemented together. 
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Slate : Chaniba, Dalliousie, Rajasthan. 

Slates of Southern Iiulia arc of poor quality. 

Marble: Gwalior, Jaipore, Kashmere and Southern 
India. 

Granite : .\jnier, Itangalore, Dulhou.sie, •Jhani,Jubhul* 
pore, M\'sore. Madras, Socunderabad, Behar, Orissa, 
Cutch. 

Basalt or Trap : B»)nibay, Madhyabharat, Dehra Run, 
Ohokrata, Madras, P<H>na. 

Laterite : Bclgauui, Midnaporc, Mahabicswar, Orissa, 
Trichinopoly, West (’oasts. 

Kankar : All over India. 

Stone Beams 


Table of safe <lead extraneous Itwds for lieains of good 
building granite, one inch broad, supporte<l at l)oth enfls 
and loade^l in the centre :— 


R 1 



(Hear span in fcei 





Drptb i 

inches 

-- 

1 I 

2 

3 

1 4 

I 5 

6 f 

7 

8 r 

1^ 

Saft cadrt load in pounds 

1 

lb 

—T" 

_ 

— 

— . 

— 

— 

— 

— 

2 

40 

20 

13 

10 

— 

— 

— 

i 

“ 

3 

90 

45 

30 

20 

17 

— 

— 



4 

160 

80 

50 

40 

30 

25 

20 

— 

— 

5 

250 

124 

80 

60 

50 

40 

35 



6 

360 

180 

120 

90 

70 

60 

50 

40 

30 • 

7 

490 1 

245 

, 160 

120 

95 

80 

65 

60 ' 

45 

8 

640 

320 

210 

160 

125 

105 

90 

75 

60 

10 

1000 

500 

330 

250 

195 

160 

140 

120 j 

95 

12 

1440 

720 

480 

360 

280 

240 

200 

175 

140 


The weight of beam allowe<l for in the abo\e table u 
170 Ibe. per c.ft. Factor of safety taken is 10. 

If the load is uniformly distributed, the safe loads will 
very nearly be twice as great as those shown in the table. 

For good slate on boil, the safe loads may be taken at 
about three times. 
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F«*r ffHxi sandatone on htd* about haJf of the 
fibeiiifi be allowed* 

Fur good marble or hard iime-Ktooe on \>&l the uame 
loada an above ahould bo allowed, 

s. giLAKRvm; <v hla.stlxg 

I rJtujie for nmall jqbn in geiierallv ilune b\"i 

iJunfHojtk alone auch an, crnwhaiw and we^lgen' In the I 

eape uf krge qimming upemtlunji m bard ruckfl, roek drilkl 
are tisenL J 

There are natural joints olid H^Huren in rock^i ami ad- ’ 

vantage trt taken of tliefle joints Trt'hrre existing in seuarat- 

irig one block from tbo other. Fissurra. eraciis, plnnea of | 
olcayage and betiding pktnes of stnvtification are nil weak J 
pointrt in a rock. Where natural iissure» or joints i:lo not 1 
exiJ5t artifienil feitnires can Ije iiinde by drilling a line of f 
holes [111 rows), aljout | in. to 2 in* in diameter, 4 in. to G ). 
in. apart and about G in. to ft in* deep with the aid of a 

] *n I T quarrying, bolea. are jumpeti or 

drilled aiong the flesired line of cleavage ami in each hole 
ate placed two hajf^rfiuiid pieces of steel tvitli a conical 
wed^ iwfcwecii tliem, (Tiieae are alst* called feathers*^ 
and pliigjs^'^ . If all the wedges are flrivon along together 
m KticccHHion with a bummer the rock w ill cnick abng the 
face of the boles* Instead of steel we Iges, rouiirl plugs of 
dry hur Iwwd are sfjmetimes rlriven and kept soaked with 
water. Tire Swelling of tfie wood w ill split the reck. Light- 
i;^ anfl maintaining u fire on the surface of a rock causes 
the iippt^r layer of the rock to e.vpand and separate fmm 
the lower 

Blasting 

HaivI metuinorpF] ie recks are dilHcnlt to be qumried 
and have to be blnstei^l by means of explosives* Bxplosi- 
'ves slimdd onl^v loosen and break up the mass of the rook 
making it easy to bo ^lorkefl by tooL^ anrl i^boutd not blow' 
out the recks viulently, which nviy convert goor] workoble 
stones Into uaelesa smull pieces. 
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jji' Tb<ii t'Xpkjsiv'oi commonly uaed acc — powder 
V Gun-powder* Dynamite* Guncotton nr Blasting cotton, 
;uid CoTflite, Orrlinary blasting powder and eor<btje can 
Ijc ignited by inenivs of a fuse* Tlie eBfeiit? of fliiy explosive 
tan be greatly increase I by parcussion or detonation, 
^'ereusslon caps of detonators contain fulniinrite of mercury 
%]cli expLorle^ <m being ignited by an onlinaiy’ fuse or 
Van electfio current, Gnncottfm and dytuimito are litwi 
■y detnnntinn. 

Tool^ r^i^[aiTfd /or : (u) JiJteel Ffumper d to 

lo ft. long* II ins. dill meter with chisel en<l uf batd cast 
steel weMe i tt* it It) Tiinipiiig needle of bmss nr copper 
of slightly smaller diaiucter than that nf (lie steel jumper, 
rdlt a Hat end* (c) .Semping s|kkjii. 

^ Materials Required for Blasting 

Gunpowder or Mack powder ; This is coin|Hirstividy 
a weak explosive, alow in aetloii, baa great lifting jmuer but 
no great ahsttering effect* la easily ignited by moans uf 
Bsfoty fiisjo. Ui=cd for lilnsting soft rocks* Gun puwxler 
13 available in p<jwder form anti exphiflea with a stnind 
when in touch with ii lire* 

Blasting powder. Ti$ a variety of gunpowder at ill 
elowcf in action anri ia available in crystalline form. It 
oiplo'lea and cracks the rock on all sides and the blocks 
tin VO ti> Ijc extractcfl by jnrapern iiserl in cj^uarries* 

Conlite. Cordite ia suppbefi in the form of sticks 
or cartrirlgos. It is comparatively slow burning explosive 
with effects similar t«j d>maiaito and three timcii stronger 
than those of blasting powder. It is ignited similar 
blasting powder. It is effective under ivnter -^ohject. to 
tiie charge lieing water-tight and is also more economical 
than dynamite or blasting poa’dcr. 

Gelignite. This explosive aUo very pfW'crfal and 
convenient to nsw and can work in w'ct cnnibtions. One 
pound gelignite witli bdetenatora expludci+fllvfut lOOc.ft* 

Detonators : They consist nf small LMippcr tnlws 
, "With nne end clowied* contaluiiig an expliwive juirning 
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BubBtiince, ami are made off a high exploaioti uniter 

w'et conditions. Detonators must l>e cnrefully haniUed aiv^' 
never left lying about ; if droppeil they art? liable to e« 
plcnle. Presflure sliould never be put on the fulminEjAf 
end, pud to liend it is extremely dangenjus, DetoiiatflR^ 
should be stored sejmrately from otiier cxplosiveji* Bet^ 
nators expkvle when in touch with hre ur st nick with Bi 
piece of timber or ntnuc rir pre«?eil Eianl in the hand- Wi 
detonatftr^ are rcquirofl for nbtiut <nie p>imd t>rge1atuul 
They are fired either by fuse or by an electric epark hj«I 
are euntroUeiL tnoin a fairly long ilLstance. TIte s^iwdeSt 
in which the ^letomtors are packcil should bo blown oifr 
with a dry blow of the mouth before ii.^mg tbem. I 

F 11 ses. These are thin ropes of cottiJii impregiialrtl 
w ith fine gnn-jKiWfEcr. and liurn at tiic rate of about 2 ft. par 
minute for ordinary and PiO fr, per eecon^ 

for instantaneous fuses^ I'siint length per eharg*^ 
whether user I witli gun-^MPWYler or witli [letonatov, i^j -S ft* 
fn hot cliinatcfl fuses deteriorate rapidly and are seldom 
reliable after the tin containing them has been open frtr 6 
uuTinths- A liatdi of fiisr-s ah oil hi always Iw tested before 
u?M? tn ai,certain the rate of hurmiig length which must he 
accumtely knou iu to eimblo a correct length being cut that 
will give sufHcient time to the tirer to reach a place of 
safety. Safety fuse bums iiiirlcr water. For onlinary 
quarry work a niedium grufle fuse is satisfactory. The 
t'hariiW fire firctl In' lighting the fuse. 

C’appf'd Fvsp.t. This is the name given to llie length 
of Safety fuse to which detonators arc attached l>cfore they 
urc taken to tlio place of iiae. 

Dynamite and Getacine. Is nitroglyceriiieabsorhcd 
in ponujj JwHrl, available in tf;e form of enrtridgea, exph^l- 
ed by men ns of detonatorH, Tliis Inis a high cxplusivo 
value mid ig liable ii.t shatter the lock to piect^s. It is iiscfl 
for heavy work luul tan work umier wet conditions or even 
in iviiter. Tjiia explosive reijgires carefitl handling as it 
detonatet by a ^itmiig shock ; easily lighted but burns 
quietly in muall quantities ; m very jmiHijiious and causes 
violent headache through contact with the skin. Not 
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suitable for very wM climates, an«l if frozen it is must 
ilangerous. 

Guncotton or BUsting cotton. In dry form ami 
under heat it is highly iiitlammable and easily detonated 
by concussion. Addition of water renders it non-inflamm¬ 
able and safe to handle and store without deterioration, 
and increases the explosive effect. When in a wet state it 
can Ihj exploded by a primer of dry guncotton and a de¬ 
tonating fuse (or detonator plus fuse). Guncotton is a 
stable explosive in all climates. It is useful where cutting 
or shattering effect is required and is more jjowerful than 
dynamite and needs greater care in hamlling. Gunwitton 
is supplied for use in the form of small iliscs ii»e<l general¬ 
ly for explo4ling rocks under water. 

Blasting with Dynamite. In blasting rocks vith 
dynamite, the following data will lie useful : — 

Diameters of drills used for tliflTerent depths of lH>re 
holes : From 2 to H ft. depth — 1 in. dia. 

„ tl to 11 ft. depth — ins. dia. 

11 to Ifl ft. depth — 2 to 2J ins. dia. 

The depth of the bore hole should l»e about the same 
as length of the tiuf of least resistance and if j>ossible the 
Ixittoin of the hedes should never descend below the face of 
the ri>ck. The Imre holes shouM generally be not more 
than 5 ft. deep and the «listance apart should l»o from 1^ 
to 2 times their depth. The charge shouM alway.s be 
])lacc<l in a sound piece of rock and if possible not nearer 
to a crack or Assure than 1 ft. 

One end (cut square) of a fuse is pushed into a d^o- 
nttor till it touches tlie white fulminate within it. Tlie 
open end of the cap is then pinched in with pinoe^ to 
attach it to the fuse, care being taken not to break the 
powder core of the fuse by pinching too tightly. A priniCT, 
*•«., a dynoamite cartri<lgo usetl for priming, is then o^ned 
at one end and the detonator gently pushes! into the dyna¬ 
mite leaving about Jrd of the copper tube exposed out- 
•’ide. The paper of the cartridge is then clos*^ ttp and 
^'ocurely Imiind with wire or twine to prevent dislocation 
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of tho fletoiiBMr. AvorI pushing' dttoimtof t<>o t’ur 
intij the HirtrMlge othenrLse there tt? n ritik of the fuse 
btimiiig up the curlridge releaainj; ruiiies- Tho [>rei 5 iier, 
(r,e., the cartriHirc H ith tfte detoiisfor anri iittiu-}ieil fuse), 
I’a. tlieti gently inserteil on the top of t he eharpie* The ri^paco 
for ab^jut ft inehft+iiljovT the charge \s then gently hUert 
i*'itli dry clay pret+«eil Jioriie rtiid tlie rest of tlie tamping in 
formed of axiy convenient mflteriftl centb juMtjked with n 
w'ofMrlen }iuinn^eF. 

If it ia ^lesired to flhatter rock, cloiie cojuiectlon U> 
twooti the dynamite on4i the n>ek Jfi essential, and tiie 
polnta of contact should bo multipHod aa much na possible^ 
therefore eeveral tKjre boles of moderate rltarnetere are pre¬ 
ferable to one hole of a large diameter. In gently sl^^ping 
rock ivitli no face, dynamite ehouki he used very much 
like powder ie, rndy with feuer and shallower bore l]ole^^. 
As the hue of least resiat-suce is not a<) imp^ut^uit in riyua* 
niitu OB in powvler, the qeceaait)" for sh>phig the boJrs is 
not lie grejit ; but if faco is requiivd on an ahnuBt level rifcb 
sloping hnlcHi he used. 

Blast!ag with Powder, liefort' tiUing die explosives 
it is Ejuite es^iitial tliiit the bnles nhould Ih* thoifMighlv 
drji% and wlieA-water percolates it iinmt be ilricd with 
oakum and quick lime, and the piittder enelowid in a wntcr- 
pmof curl rirlgc nni do either r>f thin plane iron sheet or 
wftter'prj><if ptipcr of the iiecciwaj'y length sit ilnit (he top 
of it is six irn^hes ab<jve tho top oF tho hole, E.vphjaives 
which are not aHVete<i by water slii»tddliiMJs<;'fl in wet situ¬ 
ations). 

When (he IniJe has been iKired pmjier prupurtion of 
the [powder is jicEUre'd intxi it by ji fntmcl and e.'-ipjier tidjo 
mi that none adhert‘s to the aides, A fuse of-iuhident length 
insertO'l int i th+- powder and taken untHiile to aa'tBicieiit 
lictjince aaeorlfiig to the burning spectl, as e.vphdnrjd el-«f- 
wJiere, A wtiddfng of liny, rntjss, or tliy turf is [ijueed on 
the iKiu kr atir| .ininn'l the fuse and the leiiiaiiRkT of the 
hole is filJe 1 in with sand and clui inixinl,tir wd’t niminim. 
All inch or t wa of dif wnrlding is prt'jnsi'fl down on the 
jwiwjliir uu I tli>' i fjiy is tainpi'!il carli time a Tsttl - (|iianli( 3 ' 
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w put to a i^inall depth in the hole. Tamping L$ done with 
a cupper, brass or woollen riKl, until it becomes com{>act 
and no air hole is left around the fusti. If tamping is not 
«lone properly, explosion will take plare along the line of 
the bore and the rock will iwt Ik* blown out. Sometimes 
a priming nee«lle (w'hich is a thin copper rod of about 1/16 
in. dia.) smearefl with grease is in.st*rtefi in the tamping 
material which is subsequently removed after the tamping 
ia over, and the fuse is then intro<luce<l. Gunpowder can 
also be poure<i into the hole left by the nee<ilo and on the 
top of it the fu.se ia introducetl. Tlie fuse must bo cut to the 
length recpiirwl before l>eing inserte<l into the hole. Jointa 
in fuses slioiild be avoided. 

Quantity of blasting powder require<l in <yl. (approx.) 
= J line of least resisiaiice in ft. One lb. of jiowtlcr will 
loosen about oO c.ft. of soft and -K) c.ft. of hard rock. 

Tlje propKT charge of |)Owder and the direction and 
spacing of the holes are very important in the case of blaat- 
ing with powder. 

Line of Least Resistance. Is taken as the shortest 
distance from the wntro «jf the charge to the nearest sur¬ 
face of the rock. If tliere is any fissure or weak point in 
the rock its distance from the explosive, if shorter than 
the above distance, is taken as the lino of least resistance, 
'fhe line of least resistance must never be in the directu>n 
®fthe hole borc<l 

Boring Hole* «n Rocks : Bore hok*8 are generally I to 
3 ins. in dia. an<I 1 to 4 ft. deep for blasting with powtler. 
The depth of the bore-hole should be about the ^ame as the 
line of feast resistance and the bottom of the hole should 
never descend below the face of the rock. For blasting 
with dynamite the bore holes should be further apart than 
w ith powder, of similar depth but of smaller diamct<*r. 

Destruction of Blasting Explosives 

Ounporeder : Should l>e tbrowu into water, preferably, hot 
water. 

A itrate of Ammonium : Should be scattered on tlampaoil. 
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Dynamiti ; Xot more than 50 llw. of dynamite ahould 
be destroyed at a time. A clear apace of ground, about 
loo yards all round, should be selected, and a line of shav¬ 
ings or dry straw or grass laid doun. On thw the cartri<iges 
of djmamite should bo placed in a continuous line not mon- 
than two abreast with the cartridge wrappers and any other 
available paper below them, and at an interval of an inch 
between each two cartridges. Paraflin or other similar oil 
should then be pouretl over the shavings, straw or grass 
and cartridge, to accelerate the combust ion. The line of 
shavings, straw' or grass should be prolonged some distance 
bcj'ond the dynamite (say 20 ft.) and lit with a short length 
of safety fuse an»l the operator should then retire 
quickly to a safe <listnnce. The dirocthm of the fin* 
should he about ail angle of 45 degrees to the direction 
of the wind ami the fire should l>e ignited from the weather 
end. 

Safety Fuse : Should be destroywl by burning in 
lengths in the open under suitable precautions. 

Detonators : Should be disposefl of by l>eing taken t<» 
a deep river or sea ; or they may be soaked thoroughly in 
mineral oil for 48 hours and then destroyed one at a time, 
under suitable precautions, by burning. 

Precaationa Agaiast MU-firea 

Mis-fires are a source of great danger. In the cjiso of 
doubts, albw sufficient time to elap.se before entering the 
danger zone Where fuse and blasting caps are used, a 
safe time of say, an hour should lie given. 

(a) TIic safety fuse (lighting end) should Im* cut in an 
oblique direction with a knife, (d) .\11 8uw-<lust should be 
cleared from inside of the detonator by hbwing down the 
detonator and taping the open end. (c) .After inserting 
the fuse in the detonator it should l»e ti.Keil by means of the 
nippers, (d) If the bore hole is damp, the juncti<»n of the 
fuse and detonator must be made water-tight by means of 
tough grease, w'hito lead or tar. («) The detonator should 
be inserted into the cartridge so that alxuit one-third of the 
copper tube is bft exposed outside the explosive. The safety 
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fiiH# outsail[e lilt tlfttonator aJiauM be seciireh" tieil m puai- 
Hoq Jn the cartridge, WaterpriKif fuse i>nly to be used in 
damp t>yre holey, (/) Only 10 holes may be loatled and 
Hneii At fine time, and the charges shoiihl be fired a? far as 
practic^abk' sitcce^sively and not simultanetnisly. Bori^ 
holes must Ik- thoroughly cleaned befoH' a cartridge is in- 
serlftl. 

The w'lthdeawal of a charge wliich has not eiptodeil 
l< under un circutnstancee to Iw permitted bnt the tamping 
Aiifl charge should lie lluuded with water, and the hole 
marked in a distiuguishuig niamier. Another hole should 
l>e jnuiped at a dintance uf more than IS inchcj? from the 
previous hole and lired 'n the usuaI way, 

Precauiiona for Storage of Exploatves 

{n) .All explosives ahould lie protected frt»ni c.’itrciue 
heat^ or c?old And moisture. (6) Pactages cemtaining ex- 
ploulves ahoiild not be thrown, dn>p]ied, rollctl or pulled 
olong tfii> gmnn^];^ but should lie paasefl from hand to hand 
imtl CArefiill}^ detjoaited. (c) Detouators, fuses anri percuis, 
Sion caps should be kept in ttejMirote eontninerH and should 
alwara be fctored away from other exploftivea preferably In 
^ separate building auri never in the same container with 
detonators. 

o iron or etetl hx>ls should Ijo used where liable 
to Colne 111 contACt with exploaivea, Sjut only w tmdeii 
levers„ wedges and niaUets ahouM Vie used, (e) Kxplo^ii'ea 
should be stored in a pucea builrllng separated from any 
dw'elling house, public thoroughfare or any other building, 
bi' n ^liBtunce of At least IbOft . (/] No person entering 

a ronui or huilding where explosives are stored, should 
have ill his possession any matclios, fuses or other appli* 
jmccM which ean produce ignititm or explosion. No person 
>*1011111 bo allowed to smoke or ignite any tire or light iu 
the proximity of the building wliere explosives are kept. 
Aor Any jicTAon wearing shoos with h'on nails shonlil l>e 
flowed iiL^ide the buikiiug. Persons with liare feet w iM, 
TOiore entering the tnaguzuic, dip their fet't in the water 
hept for the purpose in a tub aiirl then step direct from 
the tub fpji tit the clean floor, (jif) A magazine on no 
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accilunt U to Ih? opeiu*<l tluriii^ or on the appmach of « 
thuinlerstomi, and no |)ers4.>n should remain in the vicinity 
of the magazine during such stonn. yh) Tnder no circum¬ 
stances shouM a magazine be erectCfl within a quarter of a 
mile of any working kiln or furnace, (i) Two thoroughly 
efficient lightning cimlnctors shouhl provided to a 
magazine, Olio at each end. ij) Should there be ililliculty 
in keeping the magazine free from damp, fresh burnt quick 
lime, ex|K)se<l in wooden trays, is rccommend<Ml. 

Blasting Operations : 

(a) Keil danger flags should be prominently displaye*! 
and all the work people, except those who have actually 
to light fuses, must .stand away at a safe distance of not 
leas than oOO ft., liefore an explosive charge Is tire<I. (6) For 
making the hole in an cxpkwive cartridge to taka the 
detonator, only hardwooil should lie usctl and only wooden 
t<*m|)ers for tamping explosive charges. On no account 
any metal implement should be usetl. (c) .\flcr firing on 
explosive charge auffieient time roust be allowc<l to elapse 
bemre men arc allowe<l to return to work within the 
danger zone otherwise asphyxiation from carbon monoxide 
fumes may occur, {d) Sfune explosives are veiy danger¬ 
ous in fnwtly weather. If work cannot be suspendeil 
iluring such a weather, special prccantion.s must be taken 
ti ke<*p the explosive cartridge at a aafe temperature. 
{») When cartridges aw’cat they should not be handle<l 
with bare hands. 

If. IWINTS & P.AINTING 

Paints essentially consist of the following : 

Base of aolid matter which is the principal constitu¬ 
ent forming the body of the paint. White lead. Red leail. 
Zinc oxide (or zinc white), Iron oxide, and Graphite, are 
U8e<l. 

irAiV i>ad is the base most largely used for all ordi¬ 
nary building works an<l is the cheapest. Wliite lead 
ground in linseed oil uiirl ina<lc into a stiff pa.ste is the 
usual pnxluct on the msrket. White lead powder is also 
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avAiliihle. It is easily appliefi, works well, has a greater 
covering power than any other base, ia ilense and has a 
;^d IxMly to obscure the >*urface, and weathers w ell. 
White leail is |>ou»onoiLs (and care should be taken that it 
is not iiihaUHl during mixing), is disookmnsl on ex|»osure 
to the air, therefore, shuukl 1 m* kept covensi, and Is not 
suitable for ilelicate work but is often U8C<1 as tintiercoat 
with finishing coat of white zinc. It should be kept a 
••oiiHiderable time before using as if used t<K' fresh it ae- 
ipures a yellow'ish tinge. Wlute leail is not suitable for 
iron work as it does not stop rusting. 

Red lead Is ctuisidered l>est as a primer (first coat) 
with i>il for iron as well ns wixxlwork ns it sticks well and 
gives g^Hxl pndection agnin.st rust. It is a strong drier of 
linseed oil solidifying it in a short time. Red ksl is avail- 
abk* ill the form of powiler, and is verj* heavy in weight. 

lM*ad {laints are jioLsonous and should not be useil 
fresh. Precautions should Ik* taken while scraping old dry 
|>ainteil surfaces or while painting w ith spray machines. 

White leail i-* freipiently adulterateil with sulphate of 
baryta, w'hiting, etc., ami reil lead with briek-dust. The 
l»reseni*e of such impurities can be detected by the aildition 
of dilute nitric acid w hich dissolves leail paints. 

Ziac Oxide or Zinr. White is unaffi*cte<l by weathering, 
is non-poisonouH, but is costly ; less w'oritable and less 
durable than white lead. It takes a tine polish, and is 
most commonly useil for interior docomtkms. Whitest 
rpiality should *l»o obtained and which should bo com¬ 
pletely soluble in dilute sulphuric acid w itliimt any effer¬ 
vescence. (See under “Zinc Paints*'.) 

I.ead ilriers should not he used with ziin* paints. 

\\’hite lead Iwsos dry soft ; zinc white dries hard, and 
it is contended that a certain blend of the two will give 
bettor practical results for most pnr|M»s<*s than either used 
'Separately. 

Lithophone. is a white fiaint (zinc pigment) useil for 
interii>r work. It is cheap, non-poimmons but becomes 
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jk'ellovi when exposed to day-light and is not very satis- 
factorj’. 

Oxide of Iron Is used a« a base in pauits chiefly for 
finishing coat on iron work. It also prevents the forma¬ 
tion of rust, and is coniparativelj’ cheap material. The 
tints obtainable vary from yellowish-brow'n to black. 

Vehicle. The liquid vehicle helps to spread the base 
and colour pigment over the surface to be painted ; acts as 
a binder for the base and pigment and forms a tough 
elastic film when drie<l. 

Linseed oil is the most widely used vehicle for all 
ordinarj' |>ainting works. It is either raw or boiled. 

Raw Linseed Oil is thin, pide in colour and trans- 
jMirent, sweet to the taste and has no smell. When ex¬ 
posed to the air it becomes hard ami stiff. WHien spread 
in a thin film looks like vaniish. For woo<lwork where 
the original colour ami grain are to be j)reser\'cd, or for 
<lelicate and interior work, raw oil is ufte<l by mixing it 
with a drier. It tlrics very 8k>wly and is use<l for works 
not exjKJsefl to weather. Tne drying of raw oil may be 
improveil by adding al>out 1 lb. of white lea4l to every 
gallon of oil and allowing it to settle for at least a week. 
.Addition of aliout onc-third to one-fourth of boiled oil also 
assists drying for exterior work. 

Boiled Linseed Oil : Boiling makes the oil thicker iwul 
slarker in colour. During lx)iling a drier such as, re<l lc*nl 
or litharge, is generally a<lded. A boiknl oil is more viscid 
than the raw oil, varj'ing in colour from a deep 
amber to rich brown (having a rerldish tinge). Dries up 
<|uicker than niw oil with a hard glossj' surface, has more 
eovering capacity, and is more durable. It is u.sed for 
•external work. 

Pale boiled linseed oil is l»etter than raw oil and is the 
same as ordinary lM>ile«l oil except that it is not diirk in 
■colour. 

Double l*oHed linseed oil is us clear as raw linseed oil 
but smells slighfly different, ami drifts <|uicker and gives 
better K*sulta, Pale bf>iled nr double l>oiled nil is more 
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suitAble for iminting pliwlerwl or metal surfaces. It 
generally re<|uireH a thinning agent like turpentine. 

oil is readily soluble in turpentine, naphtha, 
mineral spirit (petroleum) and alcohol when in liquid 
form, but the »lry film (|>ainte<l surface) withstands this 
action and is also fairly wnter-]»roof. 

IVad f)il apj>ears opaque, turbid ivnd thick ; tastes acid 
and hitler to the tongue and its o<lour is rancid and strong, 
tiooil oil is nielU>w and sweet to the taste and has verj’ 
little smell, (iofal Isuled linM*e<l oil sprejwl in a thin film 
on gUi.*^ or metal, should l)ect^me <|uite hartl (in <lrN 
weather) from in 12 to IlO hours, amd it should be so dry 
in 24 hours tlnit ilust will not aalhen*, whereas raw oil may 
take from 2 to 10 days flepending on the state of the 
atmosphere. 

Inferiin oils w ill frequently never really harden and 
will become sticky in damp weather. .\ sample kept in a 
Iwttle for ir» ilays should tle|>o«it no setlimeiit whatever. 

Linset'd oil is subject to adultenitioil by tlie addition 
of cottou-sce<l, resin, mineral and fish oil. Adulteration 
can be «letecte<l by the smell by rubbing a few dro|>s of 
the oil between the hands. .\s substitute, fisli oil, ccdloii 
scc<l oil, are use<l. 

^^^len country linseed oil is used it should be l>oik*d 
for about H hours with re<l lead and litharge in the prt** 
portam of 1 lb. of each to I gall, of oil. 

Tung oii is much HU|>erior t<» linset‘d oil and is ust^d in 
making superior paints and varnishes. Pogtpy oil is u-ned 
for very delicate colours and is inferior to linsec«l oil a.** 
regards its <lrying (pialitie.s though its colour stainls longer. 
Sut oil is nearly colonrl(»s.s, dries very rapidly, is not 
durable, hut is cheap. 

Solvent or Thinner. A liquid thinner is usefl tie 
thin prepareil jiuints to the desireil consistency and maki* 
them work more snuKithly and evcntly, anil abo heljis 
I>eimtration of [>orous surfaces. Spirits of Turpf ntine i.** 
the most common thinner used. Tur|)entinc is infiamiu* 
able, evaporates rapiilly and dries the oil consiMiuently. 
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Use of H thinner m escsess 111 n piilnt reduces the protect 
tive value of the coatings llnttena colours and lessens the 
glosB of the linfloed oil as the spirlta evaporAte leaving an 
excess of colour riot oiiscrl ivith the oil. When a dull 
appearajiee for inikh>r wwkj is rleHirtrl onlv turpen* 
tine and no oil if< used for t le last finishing. At the most 
r> to K pjr cent nf t’lO tliinner nicgut be adtk d+ A thinner 
IB not generally used in Hnisiitug coats nu, expjaed surfaces 
us it hii3 n k-ndency to impair the firinncBs uf the paint, 
hut if the surface is k> bo e.xposcd to the auti, Inrpentine 
is nilded to reduce the possibility of the paint blislering. 

Turpentine lias a pungent odour, is often adulterated 
ivEth iiiincr;i] ojln and i^iomo of t.-iem liuvc hi^iher jjeiietrJit' 
ing valiies hut arc othorTisise jufertor. ItenEiiie und 
Kaphtha are tiserl ns suhstitutes. TorjKUitin+- i.-^ a triniB- 
parent, volatile liqui*!, obiniiied hy filstiiling tiic resinous 
exudation of vftriotics of pine trees. 

Simple far piif tiff of turpiJiiinei (ij When warm¬ 

ed gently, it should not smell of resin or coaltar; {it) When 
shaken vigorously it should not froth : fitt) On eva|S>ra- 
tion it shoidi'l leave no reaidiicie. P's per cmited with 
turpentine flnil left to dm" slioiihl remain unstaineth and 
should then take ink freely* 

Driers, The function of a drier is to rjuieken th.^ 
flrylng of tjjc vehicle (linseeri oil) in the jwiint unej in 
ctHiflinjufiice Bid a hard titin. Driers nre iiHually compounds 
of metals ; litharge (or oxirle of lead), rine sulphate, red 
leiid, dts.'julvod in n volatile litpihl. Litharge is t:ic most 
common rlrier in use (the proportjfui being (jiiarter lb. to 
a galL (if oil)and red feia wldch is le.ss ism'erful in its 
action than litliurge, IS next to It. IJiharge ik used es- 
pccuiUy for lead paints, but is not usei! for a flntshiDg 
coat. Zinc Sulphate^ is niore cost I}”. Driers should not 
be used unneccastirdy, nor in excess, especially in the 
Hnishing coat as they luive a tendency to ilestroy the 
elAjticity of the paint and crause flaking of the paint- A 

^ yZinc luSphatc it lucd ai a drirr for zinq paints. Na dfiCT 
canlaiutni; If ad ahould b« med Tfir a paiiU with a fine buc as voltaic 
jlcUon will bv SCI up* 
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airier iurt he iiiliie*! until the [mint is about in be 

UBeci^ nor niore than oiui driiT ?hniiM be iitied in a mixture. 
I>rier« need imt hr ufied T%'itU pigtnents that rlry well. 

Pigments. PigmentJi fom the et>lmiritig mutter in u 
paint and are available in the form of fine powrlers in 
variomfi colours and qiialiticin. Tliey are either powfleretl 
natural earths or caleine^l cobura or inctalH., hIcL inust be 
thoroughly mixefl with other constituents, nenerullj' pig¬ 
ments of earthy or animal origin are less jiermiuient than 
niineral folours. 


Preparation of Paints 

A goc>d paint slioub.i have a higii r(»vering capacity' 
imd bo fiuLd enough to l>e spread evenly in a thin coat 
and drj' quickly forming a tough durable film without 
ahowiog any brush marks or cracks. 

To prepare a paint the bo^e (white lead) is thoroughly 
ground in oil and mLxed witii the thinning agent (turpen- 
Hnc) to impart the necesaarj' workability to the paint. 
The pigment (tinting colour) uiid tlrier (where desired) are 
also separately ground and arc first mixetJ with linseori oil 
and then iiiLi.itei]: with tur[»cntme to a thin consistency^ 
and inixfKl vdth the hose that has already been projmrcd. 
The paint is then Htrainctl ttiroiigh fine canvas or a fine 
sieve. The jiaint should lx? nsetl as soon after rt-inixing pa 
Jioasible ; rcfl lead is Jikcly to harden after £4 hours. Paints 
arc thinned by adcling pure boilciL hnsce<l oil only, (l^ad 
driers should not be- used vvitb zim- painta). .\Iho 
‘^E atimating”^ Section. 

bor surfaces w^hicli arc siubseqncntly to he vaniisiied, 
El minimum tinantity of oil should be uae<l in tlu" paint. 

^Vlien thinning of paint is required to proiluce a re¬ 
quisite consiitcncy^ it can ho done with the follow ing mix¬ 
ture : Boile<l linseed oil 14 parttf^ Tur^ientine 1 part. 

Por white jiuint only raw linscefl oil ehoulrl be us® I as 
boiled oil turns it yellow* 

If piiint lias tu t>c laid aside for a tine in an ujien 
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vessel, it akould Ihi eovetf'd with water bn prevent otiiIb- 
tinii niifl (1rytn>r* 

VARNtSHES 

The Kisentiel cunstituent. or nil f arnislies w *resiii” or 
resin which is disriolvefi in oiIh, turpeiitinfl^ or alcohoL 
The licpiiil driesi or evn porn tea And leavta a hnnd 
trAtiHparent, glossy hlni on the varnished surface. There 
are variotia types of vamishea obt-ainable in the 
merket each suiteiL to a specific work- The preparatioii 
Ilf vanhshea is n diiScult mutter, nod it is best to purchase 
reufly made. \''flmish dries cjuickly and given a harrl and 
long!I eofiting;- PaintefI atirfaccfl are ako vamishcfl to 
rightcii them. 

ll’idrr vartiiahe^ are HJ5cd ii,ir jjaintuig paper siirfuoea. 

on carni^h^ are for interior or exterior TtVt>rktf, %Super* 
hue CV>]:ml vuminh is considered to Iw the l>est aa it pro^ 
II higher gloss and smnnther finUh, Copal varnish ia 
iiijifle from the fossil I'is+iiis (t 'C <!0|Kalrf) vihicli are fouiid 
in ^^■ve^al pnrU of the iivorj l uiul in many different grmles 
of qiialiiy. English oopall is ct.insidere'l to Ijo the If 

the varnisli is ton thick, spirits of turirt'ntine can 1» 
ndtle^lr 

iSpiVif ; fthellnc vuriush and French Poii^li 

belong,, to thm cltiiw, 

Itesiiis usrul for preparutU>n of vurnisliCH are generally 
ulitaincrl fn>m gtiiivi!i of various trees* The most erminion 
lieing Shellac, Gnm ArabiCj Rosin, Amber. 

AlDtninium Paint. Aluminium paint biLS tlio 
ailvaiituge of being visible in the dark. It rioes nul oxidlafi 
anri fade. Alurnhiium and graphite paiiilit have great 
c^'Hverin" Ciipacitji' : a gall, of pniiit covering lO.tXHI to 
|a,lnM]' Sip fl. of surface, ll protecta iron imd dtetd 
from eorrosioii due to sea ^viiter and acid fumes far better 
than any other xjuint and also resist.it lieat to some extent. 
This jMisnt is efjinmotily iLsed for [minting electric and telc- 
grapH jwiea, oil storage tutiks, hot water pipcJi, marine piers,. 


BL'lIJ>INO MATES tALS 


12/49 


Zinc Paints. Zinc pigments such zinc oxide, zinc 
chrome, lithophone( describe before), und zinc diut are 
now being \v>»d on an increasing scale for white paints for 
indoor an<l outdoor use, eitpeciallv on metal works. Zinc 
oxides have great resistance to weathering and high hiding 
power. Zinc sulphide has an interesting application in the 
pKKiuction of luminescent and fluorescent paints w*hich are 
uee<I for the illumination of maps and aircraft instruments 
in darkness. 

Cellolose Paints. Are costly but much Huperior to 
ordinarj' paints and are used only for special purposes such 
as motor cars, airuplanea, and are commonly known as 
“spray paints.'* They possess greater hardness, smoothnesa 
and flexibility and can be washe<l and cleaned easih' 
ami stand heat and weather welL 

Shellac or “lac" is made from the exudation of a 
kind of insects which grow on some varieties of trees. It is 
soluble in alcohol and an alkaline water solution. It is not 
soluble io turpentine and will withstand the action of acids. 
This immunity makes it an ideal material fur placing bet. 
ween the knots and sappy portkms of timber ; these 
contain a crude turpentine which is a solvent for linseed 
oil and oil paints. Used for making vamhh ; gives glosi^ 
'finish. 

Glue ia made from bones. A good quality ghie is clear 
in colour, transpiuent dark amber, free from spots or 
cloudy pat^es, without much smelL When immersed in 
cold water, go(^ ghie becomes soft and swells conaiderabl}* 
but does not dissolve in it unless of inferior quality. For 
preparation of the ghie, it is soaked in water and boilml in 
a doable ^^pot specially made for the purpose. Ghie is 
used in joining wood joints. Qhie should not be used in 
exposed works m it absorbs moisture in damp weather and 
sets up decay, instead a mixture of 2 oz. white lead, | oz. 
litharge, and 4 os. boiled linseed oil is used. Size is made 
from sui^ior glues. A pound of glue makes one gallon size; 
doubfo size is of double oonsisteiM^ and one pound makes ^ 
galL Size is used in white>waahing, distempers, etc. 

CUar CoU. Is a size coating applied to fill up the 
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pores of wood or plaster preparatory' to distempering or 
painting. 

Preparing Woodwork for Paintis^ 

Whole success of the painting operation depends upon 
satisfactory preparation of the snrfa^ to be painted and 
the great majority of defects whidi occur are due to a 
faulty preparation. It is essential that the wood should 
be well seasoned 4nd the surface to be painted perfectly 
dry. 

Tlie surface of woodwork to be painted or polished 
shoukl be rubbe<l down perfectly smooth with medium and 
fine grade sandpaper, all rubbing to be done with the grain. 
Worked timl)er should be primed as soon as pebble 
particularly on the cut end grain. 

New woodwork should be knotted, primed and stopped 
before giving coats of paint. 

Knottiog. This process is done before the applies* 
tk>n of a priming coat to rover all knots in wood to 
prevent any exudation of resin, or any marks to show 
through the paint caused by the absorption of the knots. 
There are three common methods of knotting : (») Lime 
knotting, (••*) Ordinary sixe knotting, and (tii) Patent knott¬ 
ing. Kimts in deodar or other resinous woods most be 
painted over with hot lime and scrapped off after 24 hours, 
the knot primed with ted lead and glue laid hot and one 
coat of knotting varnish applied ; the surface nibbed 
smooth w'ith pumice stone or sandpaper. 

Ordinary tize knotting is applied in two coata.The first 
is made by grinding refl lead in water and mixing it with 
strong glue size used hot. (Dries in about ten minutes). The 
second coat consists of red lead ground in oil and thinned 
with boiled oil an<l turpentine. Patent knotting consists of 
two coats of a vamt^ made by dissolving shellac in 
methylated spirit nr naphtha. Knotting may be composed 
of a ox. of pure shellac dissolved in a pint of methyl* 
ated spirit and w'hen thoroughly dissolved, | ox. of red lead 
b stirred in. Thb is suitable for general purposes. 
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Sloping is filling up nill hoks, cndts snd other 
jnequahtiee to tiring the eurface to s feral. Stopping cm 
^ t>idinaiy patty made of Sparta of whiting 
faijoofeitely dead »toxie lime), 1 part of white lead* mlxM 
to^er in linseed oil and kneaded, (3 oz. linaeed oil to Jlh. 
of iimjting will ako do), after the priming cost of paint 
^PPP^ n*t before, aa othenciw, the wood 
Meor^the oil in the stopping and so defeats the purpose, 
ra high class interior work, the stopping can be of a 
™3cto» of 1^3 of uhtte lead to 3/3 of ordiaajy putty. For 
^«™«dng, the wootl surfam can be stop^ with hot 
gme size (one lb- of glue making about one gsUon 
01 «*&>, When dry, the snrlw should be well sand¬ 
papered, 

^aumontage^' or stopping-out wax is a useful 
prep™ion for concealmg all defects in floor and wood- 
genently* It La mj^e na fallows ; Put a cupful of 
WMon Bhclluo in en iron pot, add a tea-spoonfiil of 
ream, & pi^ of bees wax (about I in- dia.J and a tca^ 
P®^dere>d le izi'on ch lume or other oolouring 
pwttoed matter Heat until the whole is melted and mix ^ 
H should be applied hot. This wax will not take sta 
!; must be coloured to suit the finished work. It sets* 


^JWmlng Coat is the first coat applied to fill the 
minu te inequalities on the surface to 
^^nted- It also prepares a siuooth base for the sub- 
■^^nt coats of painta and acoelemtea their drying, A 
P^ing coat may be given of red lead, or of red and white 
or 7 m double boiled linseed oil (7 Ihs. of red lead. 

^ ^ whit* ie*(l. mixed with | gallon ofoil)- 

holes are fillerl up with putty and 
__ ^ surface nibbed flown with pumice stone or sand- 

*“ hunlen before applying paint. {Prim¬ 
ing ooatshonH have no lurpentuw) 

ahle'f^?^ excess of resin or oils in them are umuit- 

» utmWr of'e^ tf 
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Second eQ*t of the d«iivd colotir w Uid on in e jiCjUy 
the eanw m*nner m the priming cent end when ^ 
wurfeceie robbed rk>wn with pumiee etone or gl^ 

ThttiefoUowedbv third a»t. One lb. of pumice ifl «- 

qnired fof nibbing down lOOO eq. ft, of old enrfnce. 

Each ooei ia allowed to i^ry ™mpletely 

next» »pplied. Tho <™t should be 

Paint, dionld be eppbed in their «»t. 

V>Hger to dry and generally Ix'gm to flake off after aoroe- 

jnituli frf^« "Mi iHi-ariibry tt 
pnpering of paint-d surface ia the cause of 

S^iJ^aint^ Water-proof B^-hpa,.era or flmt paper 

and cloth for tubbLog are available. 

>\Tiea the work to be p^^tited is stibj^ted 
liglit and B not of ve^ high I the 

every defect ; in anch cases i'* i the r^ult behig 
painting done in turpentine inste^l of i, _ „g^ gn 

a flat insteatl of shiny surface. The *, ^ boiled 

21ba ofwhite tine, 1 lb. turpentine and 4 

.hit. p.b.t i, 
exposed to the weather. 

thidiwifthen i. moW«« >" *'>' P“““ 

painted. 

Rcpaiating Woodwork 

If the old i»iotwork » other than 

oonditioa, no oi^ftini. Ifth. oWottI^ 

by oomptete "?“=?'be rubbed down «ith paio>« 
w firm and sound it ahouia ji,rthrH earth and water, 
or Boaihetoiw and washed with dhobia ^ 

Surlua merked by .moke " boiled 

giv«. cMtoOlb.. gloenndS™. umbdieo urn 

111 one gaUon of water. 
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All greasy places should be brushed over with turpen¬ 
tine and then washed with soap and water. Before the 
priming coat and also before each and every subsequent 
ot«t of paint is applieil, the work should be nibbed smooth 
With sand-paper or fine pumice stone. If the old paint 
M greasy with smoke, mix the first coat with spirits of tur¬ 
pentine instead of oil 

Old work can also be cleaned with lime-wash an»l rub- 
OM with pumice, filling all holes with putty. Washing 
with soap and water is aim efiectivc. 

ScAum Cnrbonafe or Washing Seda ; Diluted with 
water is the cleansing agent used in the preparation of 
old painted surfaces fur repainting. Cleanses greases anrl 
fats. 

Paint Rem owe rs. Reivdy maile paint removes are 
available and in absem'O of the annie one of the following 
niethoda may be used :— 

(«) With Caustic Sotia : 2 Iba. cuustio soda to a gallon 
of water. To be useil with great caution ; not to be left 
for more than few hours on the woo«l and should iwit be 
touched by hand. After thU treatment surface should be 
'*wied well with clean water and neutralized with a weak 
acid solution or vinegar. A piece of cloth is securely tied 
w one end of a long wooden stick, w'hich is dipped in the 
k ^d rubbed on the painte<l surface. Ila use 

should be deprecate<l, it is dangerous to the operator, skin 
•nd eyes. 

Ihe paint w ith naphtha, repeating as often 
•• required, and when s(tftene<l rub the surface clean. 

(e) Dmlve 1 lb. country soila (Sajji) in hot water 
Bno mix into 4 lbs. of atone lime re<iucing the whole to a 
The work shoukl be well coated with it 

Iw (but kept moist) for about 3 hours, when the paint 
. ^ easily reniove<l. If unslake<! lime is used ami the 
ixturo applied hot, the action is somewhat quicker. 

^PPb’ » solution composed of:—Soft soap. 1 

» Potash, 2 parts; Quick-lime, 1 part. The soap 

potash are first dissolved by boiling in water, the 
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lime ifl then added and the irhok* applied ^hile Htdl htft 
with a brush oo. the surface of the paant of varnish to be 
remOTed and left on for 12 to 24 Kotne, after whirfi the 
paint is easily removed by washing with hot water. 

(f) 2 parts quick-lime, 1 part waahingsixia made to 
the oonflirfency of cieam is peintnl over tim wood* 

Thick layers of oW paints are generally burnt with a 
blow lamp and scrapped* FlaiM of bbw lamp cnada 
window glasdoe for which precsutuniB mast be taken. 

French FoUsb is a epirit vsmiah and is made by 
dissolving 4 lb. of HhelUc in a pint of methylated •P^ 
or naphtha and straining the solution through a doobte 
thickness of coarse mualin. A number of other recipes are 
also in 08*. It should be applied to the prepared wood 
surface with a polishing pad of feoft doth ramtamii^ 
absorbent cotton filluig, and not with a bmbh, wiw 
quick and light strokee akmg the grain. Sev^ cww 
will be neceasary before the desired shine and fimsh « 
achwved. The pad may be dabbed with adiopofobve 
or mustard oU after each ooat to allow a smooth worfc^ 
and 6niah. The wood to be poHahed should be 
painted with a filler composed of 5 lbs* of whiting muted 
in 1 gall, of methyiatefl spirit and then sandpapered when 
dried. ^ 

Fill€T^ can also be m-ide as fodows: CO 
mixed with water ; (I'O Linaeod oil and bee^s wai (3 ^ 
boiled \ (tfO Plaster of Pari* cither in water or raw linseM 

French polish » worked nptm the surface of hard- 
wtxxls to heighten the effect of the grain. 

Frequent upplitAtiona of raw linseed oil to 

well with rags will give a very fiifce poH«li to woodwork. 

A good furndore polish can be made of eq[ual 

vinegar and linseed oil, gr hotter still of vineg^ and oU^ 

oQ in tlio same proportions,, m this mixture is les* stm j 
than the former. 

Wax PoUsUng. Wa* polish is ms^ by ^xiug 
2 parts of bee'* wax with 2 parts of bojieil ljns«d oil over 


BUILDtNO liATUUAUS 


I a/55 


a jiktw vhen duMolred but fltill warm adil oue part 
of turpentine. Smear the woodwork with, the mixture 
and af^r £4 houra rub with a io& flaimeJ to a fine polish. 
Wax poliBhinj; is mostly used fbr polishing cement eonente 
Soon. 

Whitening. Wliitiog mixed with sixe and water tt 
used for W'hitening; oeUlinga and walls. Whiting u made 
by reducing pure white chalk to a fine pow'der^ 

Varnlaliliig The woodwoA when prepar^ should 
Ije sized witli u ooat of thin cteai glue to which a little 
b^n eurtli und ochre abonld be added if the wood is of 
oily nature and the vnmiah dow not readily dry from this 
uauae^ Xliu should be applied hot and mbbt^ down smooth. 
A second coat uf thin clean glue wHh neceesary quaatitj 
of aiaUnng eolour ecmststing of ecpial parts of burnt umber 
snd burnt sienia shoukl then be applied^ allowed to dry 
and rubbed down smooth with fine sand-paper. Two 
wta of boilail Linseed oil can be given instep of glue 
Vamish should be laid on in tbin coats over this 
when dried, hlnglish Copal varnish is considered best, 
For iiew woodwork a uecojid coat of varnish should be 
applied after the first coat has thoroughly dried and rubbed 
down with fine sand-paper before the first coat and after 
each coat of vumiah except the last. One lb. of ghie 
makes about a gall, of siie. 

The vAmisb should becozue surface dry in not more 
than 6 to fi hours, and hard dry in not more than 18 hours. 
9*^e pint of varnish iitdll cover about IfHl sq. ft. of aurfacei 
'dngle coat. Go^ ramiiih ahould be dry and free ftom 
atiekyneas within 2 days. Vaiidahiiiganil pamting should be 
avoided on etorzny and rainy days. Vanuehing is geoerallj 
pteacribefi for interior works and painting for exposed 
positions. 

Oiling WcMHlwark. One pourul of bee> wax mixed 
with 3 lbs. of double boiled linseed oil are heated over s 
alow fine till the wax ta melted. After the mixture has 
I lb of turpentine is added. This will oover about 
eq. ft. of imrfaee. The woodwork can also be oiled with 
country sweet oil to which equal parts of vinegar and tur- 
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pentioe have been oddedn TIjw gives a ilarker effecl. A 
mixture of oil and water should nev'er be itsed. 

Only aell-seHeoned fi-ood should be painted or oUed^ 
Painting damp or iinseaBoned wowl will do more hann 
than good and will only mcinoe di^' rot and nlno result in 
the paint bliatering^ 

Fire-Proof Pftlnla for Woodworkr 

{See under “TimberStruttures.'*) 

Putflting Inm Work 

Preparing Iron-work for Painting. Corit»4jou ifi 
generally looro rapid and severe in hUlden places uid 
pockets where water or rubbish oollects. It is hmvever^ 
moat severe in STirfsc^es of steel or iron in contact with 
wood ; water is bound to coUect between the w^oodl and 
iron. Before paintings rust scales and dirt should be re- 
movod by means of iron brushes^ mapera or other effec¬ 
tive metiLodB. Brist te or wood hhre bnishot can be use<l 
for removing the loose dust. Special attention should be 
given to the cleaning of comers and re-entrant ongles.^ 
Oil and grease can be removed by gasoline (petrolj or 
benzine excess of which shall he wiped off from the 
surface. 

Flame cleaning is another method id preiwiriug the 
surface. A flat oxy-acetyleae flame is ptiK#! over the 
metal burning off the old paint and kiosenirig the rust 
and scale and wire i^nishiag. A solution of cmintr}' soda 
and fresh slaked lime in equal parts will neinov'c old paint 
&om iron-work* One maund Is enough for about 90*^ ^T.- 
it. of surface area. 

Faints eoutaining red lead uml litharge have been 
in use for a very long time and hove givenexrellcnt r^idt&+ 
There is nothing to comparu with red lead for a priming 
or ondeT'COat on structural steel where there is no 
abra«k>ii» and is sahl to be very dure hie when pure- 
lead primer fullowed by a AtilHliing coat of red oxide 
paint or pairita with aluminiuni or graphite ba.'*os have 
been found very satisfactory. (Bed oxide is gmu|ied up 
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with boiled hnseed oiL) Red le«d guards against rust 
u'hile white lead and red oxide of iron do not stop rust. 
\Vhite lead applied directly to iron requires inceraant 
renearal and probably exerts a corrosive effect- It may, 
however, be applied over the more durable paints when 
appearance requires it. 

The first coat can be a mixture of pure Unseed oil and 
drj' red lead in the proportioas of: 1 gall, of oil to 33 
lbs. of red Iea<l- It should be applied immediately aftCT 
cleaning the surface of the metal and when the metal is 
perfectly dry. If the coat is rained upon within 24 hours 
of application, it mtist be removed and another coat ap¬ 
plied. The secoml coat will be applied when the first coat 
is thoroughly dry and set, wrhich will be in about 4 days, 
and may consist of: 6 lbs. of red oxhle paint; 1 Ib. 
lamp black ; 1 gall, of boiled linseed oil. 

The third coat can be of; 7 lbs. of re<l oxide paint; 
1 gall, boiled linsee<l oil. 

For unimportant iron works, or for roofc, red oxide 
paint can be made as follows : 

Red oxide powder, dry, 10 parts by wt.; Linseed oil, raw, 
4 parts; Linseed oil, ^ileil, 1 part; Turpentine 1 part. 
One gallon of this paint will cover about 400 sq. ft. of 
surface, two coats. For further details see Section on 
“Estimating." One cw't. of powder and 8 gallons of 
thinnings will cover about 4500 sq. ft. of surface. 

Guarding Against Rusting of Steel Works : For 
unprotected steel under oomlitions of complete immersion, 
rusting will result in an a%'erage re<luction in thickness of 
0*003 in.per year of face exposed to sea water, and 0.002 
imper year in fresh water. 

^Vhen the size of the exposed iron admits of it, its 
freetlom from rust may be very much promoted by first 
heating it thoroughly and then dipping it into, or brushing 
It well with hot linseed oiL 

AU structure<l steelwork should be primed and 
forably given a coat of red oxide paint before erection 
except the surfaces to be riveted in contact and the sur. 
faces which will be in contact with concrete. 
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Iroo And steel woric can be protected from mat as a 
temporary measure by means of a coat of white-wash 
or by covering it with slaked lime. Iron exposed to 
the weather can also be protected (temporary measure) 
a coat of paint made with pulverized oxides of iron, 
linseed oil, and a drier. A coat of cement w’ash is also 
applied with advantage. Painting with simple coal tar 
dc» not |wevent rusting of iron. 

Where the sea atmosphere is likely to have a corrosive 
effect on the steel w*ork, the steel woi^ after being tho¬ 
roughly scrapped and cleanerl should be given a coat of 
raw lizMeed oU before the first coat of red lead paint is 
applied, and immediatel>' after the steel work has been 
Cleaned. 

Pabadng Galvanised Iron. Galvanized iron should 
not be painted until it has been exposed to the w’eather 
for a year as paint adheres badly to new galvanized iron. 
If neoeasary to paint sooner, a coat composed of 6 to 8 
ounces of copper acetate added to a gallon of water, or 2 
ounces of muriatic acid added to a mixture of 2 ounces 
each of copper chloride, copper nitrate and sal-ammoniac, 
disaolved in a gallon of soft water, to which s small quan¬ 
tity of hydrochloric acid has been added, should be givMi. 
This is sometimes called Mordant solution This mixture 
turns the galvanized iron black ; the treated surface should 
be left for at least 12 hours before being painted, l^ts will 
be sufficient for 2500 to 3000 sq. ft. of the surface. Over 
this a priming coat of red lead mixed with linseed oil ami 
turpentine in equal proportions is applied. Ready-made 
pamts are also available for this purpose. It is stated that 
paint wiD adhere to galvanized iron if the surface is wash¬ 
ed with vinegar or slaked lime and washing soda before 
painting. Zmo white does not adhere to galvanize<l iron. 

ProCectkm of Iron Work nndcr Water. Iron or 
lead oxide paint is sometimes satisfactory, but probably 
refined ooat-tar disK>lved in a vehicle neutra]ize<l by the 
addition of slaked lime makes the most durable paint 
coating known for iron under water. Asphalt paints made 
by dimolving asphaltum in some suitable vehicle such as 
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nmphUiA or beoxine is abo naed for this porpose. Coal- 
tar Hm been espeoiaDy aa a proteotor for oast 

iron water pipes. 

The following mixture has been found useful : —Coal- 
tar, 84 lbs. ; Mineral pitch, 10 Iba. ; Slaked white Eme 
or cement, 9 lbs. ; Kerosene oU, 9 Iba. 

The mixture is prepared by heating the pitch and coal- 
tar separately, then mixing them together over a fire, stirr¬ 
ing well and adding the slakerl lime gradually while stirring. 
Then withdrawing from the fire and adding kerosene oil 
and stirring well. Care sliould be taken to see that the 
mixture is not overheated, 3.10 t4» 450 degrees is the correct 
temperature ; the pitch iwales off if the mixture has been 
burnt. 

Quaniiijf rfquired —The average covering capacity of 
the mixture is about 2500 sq. ft. per owi. 

Two to three coats ore sufficient. The mixture should 
be applied hot. Hubseqoent coats to be given only after 
the previous coats have dried. 

Anti-corrosive black enamel paint is available for iron¬ 
works in water. 

Paint foe Steel Water Tanka : (inside) 

(i) White lead 27 Iba. 

Boiled linseed oil 3^ pints 
Raw linseed oil 6 „ 

Turpentine 1 

(ii) The inside of all steel tanks 
two coats of bitumaatic solution. 

Painting Plaster : (Also see under Distemper). 

The free alkali in new lima and cement plaster rapidly 
dertroys the oil in paint and prevents it from ilrying, For 
this reason it may not be possible to paint a plastered wall 
antil 12 months after ita completion ami in such caaea the 
wall should be white-washed in the first instance. 

The walk should be primed with boiled linseed oil or 
ghie aixe (glue mixed with water) ; glue site should not be 


Not recommended 
^ for drinkingwater 

4 

can be painted with 
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uaed if the wmlb bRve been vhite-wanhed. First two coaU 
•honld consist of white lead snci boiled linseed oil. 
Third coat can be of white leafl tinted to approach the 
desired colour and mixed with raw linseed oil and a small 
proportion of turpentine. The finishing coat shoukl con* 
tain a large proportion of turpentine with a tittle varnish to 
serve as a hindM* and applied when the previous coat is still 
tacky. Tnis will give a flat finish as a gloesy finishing coat 
shows up the ixr^ularities in the plaster. 

In the case of new cement plaster walls, a solution of 
S lbs. of sine sulphate in a gallon of water should be appli¬ 
ed to the surface and when dry given a coat of pure raw 
linseed oil ; or the surface can be treated with dilute sul¬ 
phuric or hydrochloric acid (1 part acid to 50 parts water) 
and then washed down with water. (Acids should be add¬ 
ed to the water and not water to the acids). 

Two coats of paint thinned with turpentine and hav¬ 
ing a little varnish as a binder should serve as first and 
second coat, ^lird coat paint should be thinned with a 
mixture of three parts boiled oil to one of turpentine. The 
finishing coat can be the same as for lime plaster wralls. 

Paints are now available in the market which can be 
applied directly on newly plastered walls. 

Painting Dninp Walls : 

Paraffi^ 2| galls. ; 

Benzoline, 2 gall.; 

Pale resin. 14 Ibe. 

Shake them in a veteel; when completely dissolve<l add 
24 Ibe. whiting and grind the whole mixture well. Keep 
the mixture airtight to prevent drpng. Apply on damp 
walls as ordinary paint one or two coats according to damp¬ 
ness. It will d^ hard. Paint can be applied on it. 
Painting Cement SnrCaccs. The surface should be first 
treatetl with a wash of dilute white vitriol (sine sulphate or 
waahing aoda are also effective) and then primed as for plas¬ 
ter work; OT alternatively, use the proprietory cement paints. 
Cement Paints. Cement paints are available which are 
water paints and can be applied to all cement or concrete 
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surfaces and brickwork- These paints mist the penetra- 
tkm of moisture and have particular advantage for use over 
exterior walb of buildings, or on rtoors. They are applied 
with distemper brushes. Gement paints are of two types, 
for general use ami for use on water retaining structures. 
Either of these types may be admixed with silica sand 
when uswl on open texture walb. Cement paints are sup¬ 
plied ns powder to be stirred into water just before use. 

The surface to be painted should be cleaned of all dust, 
dirt, oil, grease or efflorescence and wetted before the appli¬ 
cation of the paint. Soap should not be used for cleaning. 
An interval of about 3 to 4 weeks or more should be allow¬ 
ed between the curing of the concrete and painting. Gene¬ 
rally two coat« are sufficient for most purposes and an in¬ 
terval of not less than 24 hours should ebpse between the 
two coats. .About 1 gallon of mixed paint U considered 
sufficient for 100 sq. ft of smooth surface and 40 sq. ft. 
of very rough surface. Excevive thick (x>ata are n«jt re- 
commendeii. As soon as after the paint has sufficiently 
hardened, the surface should be kept wet for about 3 days 
through a light spray of water applM several times a day. 

Lamp Bladdag : (For dark rooms and racquet courts): 

10 lbs. lamp black Will cover about 800 

6 lbs. dry white lead sq. ft. of surface. 

10 pints boiled linseed oil 
1 pint turpentine. 

Coal Tarring 

Add 2 lbs. of unslaked Ume to every mllon of tar and 
heat it till it begins to boil Take off the fire and add slow¬ 
ly 1 part kerosene oil to 4 parts tar, or | pint country spirit 
to 1 gallon of tar. Addition of the kerosine oil is often 
omitted; lime b added to neutralize the free acid and to pre¬ 
vent the tar from running out in hot weather. Tar is also 
mixed with turpentine and linseetl oil. The tar should be 
applied as hot as possible. If possible, the articles to be 
t*ned should be dipped into the tar. Not less than 10 lbs. 
of coal-tar should be used per 100 sq. ft. of surface tarred. 
If potaible the iron should be heated to a red heat and then 
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tar bruahed orer. Where ScUgnum or Cfto^aU k to be app¬ 
lied, these should also be applied veiy hot. 

Crto$oU is a product obtained by Hin ^'lBng tar and is 
largely used as an effective preservative for wood. 

ScUgnum is an excellent preservative tat wood where 
timber is subjected to dry rot. It is made in several ookon 
but brown is most gene^y used. 

The wood to be painted must be clean and absofaitety 
dry. Where two coats are specified each coat must be 
thoroughly dried before the next one is applied. 

A once tarred surCsce cannot be painted weD. After 
the tarred surface has been scrapped, two coats of good she¬ 
llac knotting varnish should be applied before painting- 

Painting Brashes 

The brushes should be of bristles and not horse hair. 
Bristles can be distinguished by the Csct that each bristle 
is split at ends. A good brush should have springiness in 
the bristles. 

The following sixes of brushes are generally used : 

(i) For dusting large flat surfaces, sixes 12 or 14. 

(ii) For girder work, siie 8. 

(iii) For woodwork, sixe 6. 

(iv) For fine work, sixes 2 and 4. 

A round brush is conaidefed the beet for painting. 

New brushes should be placed in water fi>r 2 to 3 hours, 
and then allowed to dry for one hour before use. When s 
brush is to be used for another colour or is no longer requir¬ 
ed, it should be cleaned at once by dipping into kerosene 
oil. Okl brushca should be kept in water or raw linseed oil 
(convering the bristles only) when not in use. 

10. GLASS AND GLAZING 

Types of glasses : 

Crowa glass. It is the cheapest quality of glass, 
used for window panes of small sixes, bottln, electric bulbs, 
etc. 
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Slirct glm. For ftflgcjMtalenginfieTinfl piij-^^ 
glass used is sheet gl&ss and ts mauofactured: in thickneoKS 
varying fTOm Ifl5 in. to 1/5 in. The thldraeBS 19 sped 6 »d 
y ^ight in OE. per sq. ft. The folkiwiii^ ntm and wetghti 
of glaa^, ftre genemlly u»d for window panes, ete, 

Ofdiijnm' quHlity-BinnU sizes ; 15 pi. '"thiids" No 
panes beJow 13 oe. shoald be used for doors end win- 

Better qualityup to 


iO"Xt 
10^'xir 

16" X ir* 

30"x3a" 

3«''x36" 


16 oz. 
16 02. 
16 oz. 
18 02 . 
21 02 . 
26 oz, 
32 oz. 


"eeconde" (about 1/14" thiok) 


(about J/16" 
(about 1/9" 
(about 1 /7" 


thick) 

thick) 

thick) 


39 " x 39 " pi,t6 j- thkk. 

r : “ enahion of 

^ “ twtwoBn to ohsorb 

« sheet glua wrf ib) 

B^transpu^, I» meno&ctiaed in eheeti veryiiur from 

n PbL'oiil™’ ‘h>»tna»«i«B A", J", I", 

b PfateglM,u„p 60 orto ebeMglusuid ia and for 

ig embedded in plate glass 
case *wiste flip better than pUtegtags. and in 

of fracture, the glass does not faH to pieces 

fil f/iii Or Shatter-proof glan. Thig is either 

®f *1**. ” (ii)|lwi nbiforotd with 
ween^^^^u (**** * ooBibination of two glass sheets bet- 

trenaparent *'^™P*^^rit cjelluloid oriuiy other 

“parent plastic is sand witched. 

"* *”•“ 9'|ua™pi*i.*a of glon which are 

of (he gUw pieces 
light and project it into the basement:. 
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FUot gUui or IcKii glau U used fcr art glass, cut 
gluaware, radio valvea^ lenaea^ etc. ThLa glasa is clearer 
thaa other types of glass and takes a finer polish. 

Pyrer gtus is a proprietoiy brand of lieat-re&istUig 
glass which is used for making cooking utensils, cloctrlc in* 
vulators and laboratory appmtus, etc. 

Antl-actldlc or Heat Eaclading gluan These glasses 
when used in windows resist heat passing through without 
affecting the normal passage of light. .\re commonly used 
for railway coaches. 

Rendering Pane* of gla« Opaqae : White lead 1 
[b.^Uoseed oil 4 oz*, varnish 1 oi , mix thewhoJe rill becomes 
plastic. The mixture is applid by tying it up in a piece of 
linen into balls about 1 in. ^iia. and pres^iing these balk aga¬ 
inst the glsis with force (i. e., tappingb They Bhould not be 
nibbed over the glass as, if this is done, streaks make their 
appearenc«H Ordinaiy xine white paint al‘m produces good 
reeulta when applied with a ball of a ilk cloth» 

Glaaier'a patty. Glass panes aro securenl in place by 
means of putty or wooden moulds. Rebates sliould b* 
painted or oiled ono coat befoio glazing. Glazier's prigs are 
fixed 3 to 6 mebeB apart. Rebates should be at least ^ in. 

Putty can be mode by mixing 2 lbs. of powdered whit' 
iDg, 2 OEi of white lead (dry) with 12 ox. of raw linsee^l oH 
to form a ttiff paste, which ta well kncatlcd and left for 12 
hours oovard with a wet cloth and finally worked up in small 
pieoea. For glaxing in metal s&dhes, 5 per cent red lead 
should be add^. Litharge is sometimes added as a drier. 
(Whiting is absolutely dead atone lime or finely powdered 
chalk). Glass panes can be cleaned by : («) Methylated 

spirit: (>0 Baintii^g the glass panes with lime wash ancl knv* 
iog it to dry and then wsahing with clean water; (lii) Rubb¬ 
ing finally powdered chalk; (iv) Rubbing damp salt for clean* 
tug pamt spots. 
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I, methods of planting trees 

Thfre arc Vi^rious methods by which trees are pr^ 
pagalcd its addition to the direct sowing of seeds, the 
most common arc described brjow': 


TFat^phniiJi^ ftom I<uTSfiiest Planting out of seed¬ 
lings is a job that rc'c^tiircs skill ai^d vi Isttle CEreVrssness 
results in failure. The root system of the plant must not 
be disturbed or injured while plaricing out and this can 
be done by carcrully diggirg out the secdlirgs when the 
soil IS wet and easy to work, alopg with a bail of earth 
around the roots and putting th-m in the nc^v site Jijst 
as they were in ilieir original posit-on. Care should be 
taken to see that the stem b vertlcr;! and that the roots 
point downwards In their naturai dbection witliout twist¬ 
ing or turning, Atihcugh trer.=^ may be raised by means 
of direct sowings or cuttings* but in practice it is louno 
much better to grow plants of various siiUnblc apretes m 
a nursery atid then to iranspbini nursery cultured seed - 
ing two on three years old ivhen their root system is welJ 
developed so as to get established into the new soil. 


Tlte seedlings are planted out when they are 3 to 4 ^ 
high at the nut break of the rainy seajton after a g ^ 
shower has soaked m the soil. Some trees may - 
faaorily planted nut in cold weather when the I^ves have 
fallen, Shbham, Nrem, Joman* Stris, and ^ 

be Cisilv grown in a ni]rs-"ry and planted out. ► iw 
needs pieniy of warrr; Mulberry', Neem 
less w Iter* while K'kat aperies can U- tried in 
drier places. 

If plants are grown in pots, like eucalyptus, etc., the 
roots are sure to be pot-bound. In such cases the ^ 
should be carried to the new site and the seedhng _ 
bared of earth and straightened down into the boles oug 
for Them. This greatly facilitates their suljsf quetii growth, 
bj Cuttings : The cuttings should bt 5 to 
10 ft, long with the lowrr end cut obliquely and set 2 or 
3 ft* in prepared holes in the ground* Ihc upper en _ 
plmAfurd over with cowdung and day. Cuttings sho w 
be made in the monsoons or cold w'caiher. 
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Crofting : Consists in laying bare with a sharp knife 
the growing portion which lies between the back and wood 
of a branch. 'iTic proper season for grafting is spring, 
t.e., immediately before fresh growth takes place. 

Li^iring: To grow a tree by this methoci the branches 
are bent djwnward until they can be brought in contact 
with the soil and the tree is left alone for a season after 
which most of the branches so treated will be found to have 
taken root at the point of contact with the soil. Mangoes 
and some other trees can be grown by this method. 

Collection, Maintenance and Sowing of Seeds 

Seeds should not be collected unless they arc ripe and 
before they l>cgin to fall. A rough practical test to ensure 
soundness of seeds is to place some of them on an iron 
plate nearly red hot, when all the sound seed will burst 
before burning. Another method is to place a number 
of seeds in a pot of earth, keep them moist and put 
them in a warm place in the dark. The sound seed will 
germinate in a short time. The seed should be collected 
tn dry weather and should immediately be spread out to 
dry in the shade. \Vlicn dried the seed should be cleaned 
and useless outer covering removed. As far as possible, 
the seeds used for sowing should be fresh, and it is best 
to sow seed as soon as collected, especially when the seeds 
arc stilj oily; wet seeds on no account should be used. It 
u considered that seeds which have passed through the 
stomachs of birds or animals, germinate much better. 

The sc^s of difTcrent plants differ very much in the 
length of time for which they may be stored. Seeds unless 
P^P^y stored are liable to be attacked by insects and 
moisture. After the seeds have been dried they 
should be stored in air-tight tins or well corked bottles 
f^pl*dialcnr balb to safeguard against insect attacks. 

Different seeds have d'ff-rcnt methods of sowing and 
all seeds require moisture, warmth and oxygen for ger¬ 
mination, and should not therefore be denied the heat and 
hght ol the sun. A general rule is to sow a seed down to 
wicc or thrice its diameter and in a hard soil up to 3 
below the ground surface. Small seeds are 
*mxcd with charcoal powder or sand and broadcast in 
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boxes or pois. When the seeds arc large enough to 
handle individually they arc put in singly to the required 
depth. Very small seeds arc scattered as cv'cnly ^ poS" 
siblc and then covered with sifted soil so that they arc^ 
notdlstrubed by watering. Usually the best time for 
sowing is the beginning of the monsoons. 

Level of Planting , . • v 

(1) When the land • is high and well drained the trees 
should Ije planted flush with the surrounding soil. 

(ii) Where the trees are planted on the side of an em¬ 
bankment, no special precautions arc necessary 
as water can escape down the sloping bank. 

(iii) Where the land is low-lying, the trees should be 
planted on mounds about i ft. high and 'Wtih * 
diameter at least three times the heiight, with 

sides sloping. , 

Trees should not be planted at a level below the 

surrounding surface. 

Pits for Planting , . , a » Ft 

The pits should be at least 4 ft. wide at top and 3 it- 

wide at bottom and 3 ft. deep or 4 'X 4 'X 4 '; normaUy, 
pits 3*X3*X3" arc sufficient. The shape of the pit n 
immairrial. Unless the soil is naturally wy rich it » 
advisable to have a good body of nch sod m the pit to 
h Ip the growth of the tree. The upper soil to a 
depth of about i ft. from the surface b the iKst and should 
alone be used for mixing with the manure for filling near, 
the plant. Ojtily one tree should be planted m each pit- 
The common practice of planting several trees and subsc^ 
qucntly. throwing away all but one, b not only yvasieiui 

but, injurjQus. ' , . . J *f 

' ,Thc pits arc generally dug a few da,ysim 
airtual planting, the top soil mixed wUh- i^ureis refilled 
i^^'hc pits and allowed to weather by rams or irrigauon. 

Watering .v . . ^ 

>v In early stages watering b requbed at shorter inti^-^ 
v^Js say twice or thrice a week, but-later*on whex^tbe 
plapts arc 4 to 5 ft. high, they need not be spoon fed so oft« 
but watering should be done thrice or four limes in a month. 
\^'atcrii)g b. required at shorter inicrvab during thd dry" 
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hot months and at longer intervals during unntcr. Suffident 
quanUty of Vk’atcr should be poured in to enable it logo 
deep down up to the roots. A little quantity of water too 
often IS not helpful. Proper uwking of the soil at the time 
of planting and also at the time of u’aiering is important. 

At some places mulching is done which is as follows: 
.^s soon as the dry season commences, the soil round the 
stem, two feet wider than the shadow’ at noon, is covered 
to a depth of aljout 3 ns. W'ith leaf mould. Watering is 
done over this mulched soil which retains the moisture 
much longer and the soil will neither cake nor crack; 
Mrthen “gharas” are used at some plac s which are 
^ricd in the ground by the side of each plant and kept 

j from which the water keeps on percolating 

and feeing the roots. 

f ^ foots which need water and not the stem, 
t IS therefore^ well to heap up the earth round the stem 
and to hollow it out at a distance into a circular ditch so 
that when water is poured in the tree stands on a small 
ni^nd suiTounded by water. It is important to keep the 
^rlace soil for a foot or two distance all round the trees 
loose to effect proper watering. 

One man can hand-water about 300 plants a day. 
Fencing Young Plants 

Imrnediately after the planting, fencing should be 
^ovmed to protect the plan’s from graaing animals. Trec- 
^ar are usually made from bamboos, old far drums, 
walls (6 ft. internal diameter) or brick jallie. 
p *50 bricks are required for each brick-guard, 
r * V, can also be made. Such fences should pre- 

I oiy be made in two or three pieces so that they can 
R/v ®tid re-assembled at another place. 

** t^ot^idered to be the best. All fencings 
permit free circulation of air and complete sunlight. 
Turfing 

is ^f^ipeally planting grass on soil banks. Turfing 
bant^^ u banks of erodible soil . After the 

a d niadc to shape, the top earth is loosened to 

eraliP of about 3 inches and if the soil is not suitable for 
fffowth, a better soil about 2 inches deep is obtain'd 
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from outside and worked into the txislmg soil^ This 
soil should preferably be taken from the same locality 
as the sod used for turfing. Any raking of ibe ground 
for loosening the soil and mixing new soil should be done 
parallel with the contours. Sod should be liflcd m a 
thickness of 2! inches and cut to 12 ins. by 16 ins. pieces^ 
The strips should be placed on the prepared bank slope 
paralli’l to its contours starling at the bottom. Wlien 
the top Ls reached the edge of the sod should be turned 
into dir surface and a thin layer ei' eirth placed 
the edge and compacted so as to divert water over the 
edge and on to the top of (he soH» 

Turfing should lie carried out immedEaicly after the 
inoonsoons have commenced and should be kept vtfcll 
watered until the seeds or roots have sprouted. Watering 
by spray being preferable to watering by flow. 

a. NURSERY 

Site should be level and of sandy loam soil whc-re 
water is available according to requirement. T^nch« 
dimensions ta" top width and 8 ” bottom width and 9 
to 12^' deep should be dug 6 ft. apart* or as necesMry 
according to the plants. excai'ated earth should 

thrown t fl. away on Isotb sides of the trenches so that 
the berms are left cl ar for sowing seeds. The berms 
of the trenches should be made level before any 
arc carried out. The layout of a new nursery should bc 
completed before the end of March. 

Seedlings will grow wiih greater rapidity on rid^ 
than in beds and can be more easily transplanted, 
seedlings in the nursery should he raised from sced-s, l^u 
species which do not grow freely from seeds 
raised from cuttings or layers of graftings. The planLS 
should be allowed to remain in die nursery until they have 
become sufficiently hard to wiihaiand planting out, 
allowed to remain so long in the nursery' as to have tncir 
root system unduly cramped for space. 

For transporting young plants from nursery for long 
distances, each ball fearth and roots) may be wrapp*^ 
leaves and grass or matting or both, or the balls 
packed in baskets or boxes and the empty space tight!) 
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fill^ i^nih good earth or leaf mould and kept moUt by 
sprinkling water. 

Size of A^arset^ will depend upon the number and ?gc 
of the seedlings to Ik supplied annually and the period 
the plants are desired to he accommodated in 
the ntir^cry. Provision has to be made for paths, trenches 
^d also lor fallo'iV, about ore-Third to Dne^fourth of 
the whole area, to lie ust'd in rotation every year. Failure 
of the plants, aljout one-fourths^ should also be taken into 
account. 

Approjcimaie number nf plants that can l>c planted 
m a nursery with one srser of seeds:— 

Kikar 4000 | Sliisham 6000 

J-arash 3000 | Pipal 1500 ; M^ngo (desi) too 


Number of seeds in one seer w'eight (approx.) 


Sheesham ., 

Kikar 

Siras 

Jamun 

Ban>'an 

Kpal 

Umber 

Mango 

Saled or f)tjn Stris 
^ndle-nut tree 
jackj Phanas 
Ncem 

^hc ix^t wood tree 
Arjuna 


25000 

Undi 

150 

6000 

■J iin, I’unclu .. 350 

—500 

7400 

Bhnrw'ar, Goni 

15000 

200 

Nandruk, PilaU 

14000 

200000 

Ohampa, Sampighi 

500 

t^ono 

Khirni, Rayan 

5400 

TOOOO 

Asok, Devidari 

400 

40 

Karauj 

200 

lOQO 

Padouk 

1000 

250-300 

M hogany 

1000 

150—200 

Imli ■ ,, 

400 

300—400 

Bahera 

250 

20000 

Eucilyptua 

20OQ 

300 

Bhendi 

Soo 


manuring ANI> improving the SOfL 
A plant requires good depth of soil to enable its root 
^tem to develop and this depends upon (he kind of plant, 
c roots of a tree cannot go deep dotvn they spread 
fn Timljcr trees require a depth of 13 to 30 ft,, 

U trees 10 to 15 ft,, grain crops 4 to 5 ft,, and ordinary 

fi,3 •*' Sandy loams or clay loams art 
tile and Suitable for tree growth* 









13/S INUIAN PJtACnCAL cjvti:, enoineers' handboos 

Sandj! soU — la sandy soib large shcesham stumps having 
I ft. to 2 ft. long roots can be planted with success. Kikar 
and Bcr can also be grown^ In sandy tracts with an annual 
rainrall of about B inches, the species known as 
"mosquito^* should be tried. 

Kalar joil —Pits 3 ft. dsa. and 3 ft. deep should be dug 
out and filled with good soil and plantation tried. 

Low Ijfing and wattr bggtd aTta ^—Mounds of good dry 
soil about 2 ft. dia. and a ft. high can be made and planta* 
don tried on them. Willows, Eucalyptus and Arjun trees 
may be tried. 

Stiff day soil can be improved by the addition of sand 
or sik from a canal or with charcoal or brick-dust 
Sandy soils can be improved by the addition of fine clay 
or silt from the bottom of a tank or a stagnant pool. Lime 
may be added with advantage to broken up grass J^dj 
both stiff days and loose sands arc improved by limCj 
but it must be used in small quantities and as old as possible. 

l^eacf-MonldB 

The best general addition to a nursery' soil is, however, 
vegetable mould obtained from leaves and weeds which 
have well decayed. Fallen leaves of avenue trees, parib 
cularly at the time when fruit-trees shed their leaves, are 
collected into pits two to three feet deep, situated in a 
shady place. In about an year and a half after the pit is 
filled, the leaves thrown Into the pit will have been converted 
into Invaluable manure. If the pit is thoroughly soakw 
two or three times during the hot season the decay will 
be hastened. It will be found to contain worms and other 
vermins tvhich should be carefully removed before it is 
used. 

Cotnpoft: A compost is a mixture of dung and earth 
with other organic materials. A simple method of making 
compost Is to sun-dry the organic matter in the air and place 
In a pit similar to that used for preparing leaf-moulds, wi^ 
a little earth sprinkled over the top and lightly watered. 
Further layers of organic matter and earth follow until 
the pit is full. The manure which can be most easily pro¬ 
cured is cow or sheep manure. Horse-dung is somewhat 
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1^ ri.h ir. manure valu« .h.n cow, 8 ““\ 

This ™ of manure should never be used Fresh, tout snoma 

be vc:^^oroiishlyrottcd as otherwise the ^ubs roma n ^ 

in it will attack the roots of the plants, thin^over of 

eollecred m the "T«luaw"g^« wlia a„ 

earth to prevent the escape ,7 * ^ ^Ur, should be 

held logediee by the layer of earth, ^ 

collected and added to the eommotl 

manure. The urine should _ never Ifttossible 

unless it U diluted about four ttmes with "f 

the manure should be at le^t tivo y"" “‘‘^1 

the compost ukes much less time lb matum " “t pla^.^ 

About 300 to 40b maunds of such manure is pe 

4. ROADSIDE PLANTING OF TREES 
The trees should be best suited to the climate and the 
soil R^L^ideTrees must be faHy h^dy ^nd robust 
those can stand winda and sto^s. T c rc ^ ffrowine 
but not senc^g *™v"^rinv^abl? shon-llved 

r Im^rs^ ¥he s^cies^ 

must be mlher truly evergreen such as ManK«; "«"y 
evergreen such as the Margosa, or be • t,® j|,d 

height of summer. Trees that develop stra.£it ana 
defn trunk up to a height of atout 10 » js f«< 
the ground level and then spread out ate suitable^ '^e 
trces^should be deep rooted as shallow spreading roo 
injure pavementt by absorbing moisture re leaves 

grades/ All species of trees having large and 

should be avoided as they i caves 

small leaved varieties* Trees with small siz , . 

like the tamarind and the margo;;a stand 
well as they need much less water than the 
leaved variettes, ^ i, i 

Trees with valuable fruits or wood* and trees J e ^ 

which shed thorns, or those requicing Those 

for growing, are not suitable for road side p an_ g. ... 
trees W'hkh shed their leaves during Apnl and * , 

are not also suitable. The nature of the twi ™ -f the 
to be taken into consideration in selecting i c ^ 

trees for planting. Where houses arc propose 
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built close to ihc road or on narrow roads, thick erowiog 
large trees arc not suitable. 

Do not plant trees of incongruous habits together, 
banyan, and l>abu] or cork tree. If 's preferable to 
have mixed pfanting ntf,, trees of different varieties, so that 
the plants flower and bear fruits in different seasons and 
shedding of leaves fakes place in different parts fff the 
season j in storms and gairs, only some of the i.\iii;’ijcs are 
uprooted. Tall growing varieties with straight sieins muy 
be planted at Some selected spots to serve ai, effective 
landmarks. 

Trees should Ije planted 6 to ro ft. aw'ay from the 
outer edge of the side width (berm) or, min: horlJtontai 
clearance should be ga ft. for single lane roads, increasing 
clearance by lo ft, for each additional lane widih. Row3 
on opposi te side of the road should he gtaggered, r.e., each 
tree should come, not opposite a tree in the rovv on the 
other side hut mid-way betw^cen two trees on that side. 

The trees must not interfere with the traffic on the 
road and should have stemps free from branches for a 
height of 8 to lo ft. on highways and 9 to r i ft. in streets 
of towns. If the branches grow horizontally it may be 
necessar)’ to shorten some of theses but the height of it ft. 
to the first branch must not be exceed d. Prune the trees 
in such a way that the natural sDape of the foliage b 
retained as far as possible. 

Telegraph and Telephone or Electric-lighting poles 
should be fixed normally at least 5 ft. outside the existing 
road edge, and if possible at ihc road boundaries, w as 
not to interfccc with tree grow^th by loppings. 

No tree should be planted by the roadside before 
it IS 5 ft. high. Most of the failures in road-side planting 
arc due to the use of toO' small seedlings or of trees which 
have not had their roots formed by being transplanted in 
the nursery. 

Trees dry' up the soil in summer and reduce the volume 
of the sub-grade which n ay be up to 6 per cent, and 
thus drop the road Surface and crack it. In heavy clay 
Soils keep Fast grovving trees at least 50 ft. away from 
the road. 
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Where trees have to be cut down for road widening 
purposes, those on the north and east side, should be^re- 
movrd, and those on the south and west^eiaincd. 
latter give most shades during the hottest part of the 
day. The chief influence exerted by the presence of trees 
upon the road surface is a reduction in daMy or annual 
ranges of temperature of surface. ^ This definitely prevents 
licking up of tar and the formation of pot holes and ruts 
and prolong the life of the surface. Rays of the sun have 
a deleterious effect both upon tar and bitumen, and^e 
presence of trees along the road reduces that effret. Tne 
value of shade, therefore, apart from comfort, is rmt in¬ 
considerable in keeping taiTed surfaces in good condit»on. 
For earth and water-bound macadam m ds, trees have 
a great effect in that by reducing the surface temperature 
they minimize the loss of moisture content in the Mil in 
hot weather. Trees have the disadvantage on such sur¬ 
faces of holding the dust created by motor traffic. 

Suitable Spacings of Trees 

Suitable spacing for roadside trees is from 30 to 50 ft. 
according to the species of trees; the average being taken 
about 130 trees in a mile. ITte distance apart, however, 
should not be less than the diameter of the o! a 

fully developed tree, and most of the trees will be about 
30 ft, apart. In dry districts the coinparatively slow 
growing trees can be planted at larger intervals of say, 
50 ft., and fast-growing and less valuable trees interpolated 
so that some shade would be available as soon as possible. 
These intermediate trees can be cut down as sewn as the 
more permanent trees attain a height of to to 12 ft. Speaal 
care should be taken for planting^ trees at road curves so 
that they do not obstruct the \n5ion. 

No tree should be planted within 20 ft. of any masonry 
"■ork and this distance should be increased to 80 ft. rnini- 
mum (prefer 200 ft. where possible) with trees of ^reading 
roots sueh as, pipal, gular, pilkhan, and bargad, as the 
•^ts of these grow into the joints of mawnry 
damage them. It has been explained elsewhere in the book 
•fiat roots of trees have damaged masonry structures 
3t considerable distances. 
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Suitable Spacin^s; 



4® ft- Mango 

50 fL Nctm 


35^40 Tu 


33 fi' 
55 ft- 

40 A. 
40 A, 


20 A. Pi pal 

4 O- 5'0 A- Siris 


33 A. Tamarind or Imli 


40 ft. Teak 

40-50 A^ I 


40-50 A* 


NnmiMriiig of Tre^s 


Scraping the bark for painting should be done so as 
not to p«I It off; only the dry scales should be scraped for 
an area 6 x6 , at 4 ft, above the ground level and facing 
the road. should be written in black paint and the 

eleground should preJerably be painted in ’white. 


5 - maintenance 


♦ considered suAicieni for mainralning 

engih of about jj to 4 miles of a road, depending upon 

e aval abih ty of W’atcr and whether the plants arc young 
or grown up, r 7 a 



A light spraying with a weak mixture of lime water and 
blue vitnol (copper sulphaie-'nila thoiha’J solution or 
tobacco solution pven over the plants will destroy tnost of 
. c pesia* Tw'o chhaiaksof copper sulphate is dissolved 
in 4 gall, (jji seers) of boiling water. Two galls, of 
hmc is added afterwards at the time of spraying. 

i>oil 4 chhataks of dried tol>acoo leaves in f gall- 'of 
w-aler for about an hour. Dissolve in this 1 chhaiak of 
hard soap^ add 3 galls, of cold water Ibr use. 

plants should be completely removed, root and 
V T L b seycrly Infected or has otherwise become 

unhralthy or dead, it should be cut off to save the rest 
of the tr«. For removing a branch, a cut should he made 
wiin a sharp saw' and not an axe, dose lo the interesting 
ranch and as nearly parallel to it as possible, leaving no 
stub oJ the amputated branch on tlic good limb or the 
tree trunk. 

u a large heavy branch first cut through the 

bark ah round witlj the pruning knife or chisel. Then 
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saw Jt off roughly about a foot from the trunk* cutting the 
underside first about haJf through and then completely 
through from the top* so that the bark may not be torn 
off. Small branches or twigs should be cut with a sharp 
.pruning knife. The wounds or cuts caused by the removal 
of the branches should be painted over with lar to protect 
against moisture and decay. Or* the cuts may be treated 
thriis: Striped bark should be traced to sound cambium 
and smeared with a solution of lac in methylated spirit. 
The central woody portion should be painted isiih a dilute 
solution of any good wood presers'adve such as, creosote or 
cojd-tar putting a ring of white-wash round ih'* branches 
to be cut IS a good plan. 

■ Cavatieg, Where a cavity has been formed 

m the trunk due to careless pruning, further damage hould 
^ prevented by cleaning and filling it up» This is best 
done as follows; 

Carefully scrape out all dead \vood. Wash the hollow 
thoroughly with a strong solution of prcmanganaie of 
potash and fill it with t : : 4 cement concrete rammed 

^cll and finish off with a little neat cement a little below 
the level of the bark. 

Established and grown up trees should aUo be looked 
after to prolong their lives. Stems should be coal tarred 
5 ft, high at least every niternale year* wcD pruned and. 
i^unds, if any, should be attended to. No excavation 
should be allDWTd near established trees which is likely' 
damage the roots. . 


^The best season for pruning is , the end of February or 
|hc cold weather, just h^efore the leaves.appear and the sap. 
^ms to rise when growth is least active as then the cut, 
]^omds arc left exposed for a short lime only. If pruitihg 
j* done duHng winter, the viouhds rernaln uncovered 
a lon^ limcj if done during warm weather, or when 
me trees are in'full growlh 'We wounds bleed,' arid tar, 
^ adhere to them. 

■ should begin while the tree is young and still 

'h'e nursety, (when they arc about s years’old)" 10 obtaih 
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a Straight hcalUiy tret with a straight stem. Not more 
ihaa about two roiv-s or tiers of branches should be removed 
in one year so that the tree does not become unhealthy or 
top heavy* Axes should not be used for hacking off the 
branches as has been explained before, but pruning should 
be done with a scissors or a saw. The proper season fur 
lopping is the winter when the sap is down. 

Weeding 

The excessive growth of grass around young plants 
should be removed by roots and not merely cut aa that is 
very injurious Ij the growth of the new plants. 

Felling Trees 

When a tree is to he fclled|f a hollow should be dug 
round the basc^ and the trunk cut through as low down as 
possible^ the hollow then being hlkd up to cover the roois. 

6* DESCRIPTIOX OF COMMON TREES 

Arjun 

Is a large white tree tvhich grows very tall with smooth 
trunk and branches. A magnificicni avenue tree; not 
with much shade, often found in company w^ith teak. If 
furnishes a very good dark brown, heavy and strong 
timber suitable for masts, spars, beams and rafters. 

Comes up in any rich soil, can be propagated by seed, 
which should be collected w' hen ripe during April/Mny 
and sown along berms of nursery' trenches immediately 
after collection* On the day preceeding sowing, the seeds 
are soaked in cowdung water* The seedling attains a m 3 
feet height in about 3 months and grows up to 8 feet height 
in one season. Seekings should be transplanted during 
the following rainy season with balls of earth attached to 
the roots. Docs not require attention after about two years. 

Asoka 

A beautiful evergreen shady tree, excellerit for town 
avenues. Easily raised from seed which ripen in July/ 
August. The new flush of leaves is rxjmpletcd by April- 

Bahtra 

Propagated by seed which are collected w'hen rip: from 
Nov* to Feb, and are sown during March/ April*GcrminathiD' 
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takers one t ’► tw.i months «Lnd seedlings should be 
transplanted during the first rains before the lap root is 
too long. It 13 difiictilt to rear this as an avenue irct. 

Bangmlrictj But or Batgad 

la a large spreading tree^ not very suitable Tor road¬ 
side pEa ting as it gives a rather low and dense shade and 
eventually becomes unwieldy. Its roots hang from the 
branches which on reaching the ground rapidly take root 
and develop into independent stems. This tree is easily 
propagated cither from seeds or by cuttings Q t ■ lo ft. 
ntgh. The seed ripens in April or May; shots Id be planted 
in_May. Should be sown in pots in nursery t>eds; broken 
bricks Or charcoal mixed with the soil will assist germina¬ 
tion. Seedlings should be protected from sun and irost. 
Btr, Jujiiba or Bfgu 

A very throny moderate sized rree bearing the fruit* 
The tree is extraordinarily rapid tn grou'tli; when cut 
down after fruiting It will spring up again to the height 
of 15 ft, and be covered by fruit the following season. It 
does not require much care for its cultivation. The wood 
IS redish, hard, toughj durable and can take polish, and 
L w-ell-curljs, agrtcullural implements and cheap 

building works. 

Propagated by seed, sowm in rains. Ripens Ln May/ 
June. Grafting is done^ which blossom in Oct, Seed 
should be sown deep. It may take some weeks for secdi 
to sprout, ft is best to raise the plants Ln nurseries. Not 
grown On hills, 

Cflrfjtu Or Dior and AfliY 

Seed is sown in Nov. Ripens in Oct, Watering is only 
required in May/Junc. 

Coconut Palm, Jiari^al 

The best situation for their growth Is prosdmity to the 
^a, can als j be grown under artlfidal irrigation but 
not in great extremes of temperature. Coconuts arc 
propagated by their nuts prepared in a nursery. 

Date Palm or Khajttr 

Propagated from seeds which are sown direct in the 
piti, or from shoots. Ripens in August, it is best propagated 
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bv ofTscu as the seed aE^'a^'s does not cott’C oui true. 
The young plants when i or a years old arc planted oui. 
Do not use vvild palm for secd^ it affords good protecdon 
against soil erosion. 

EitngXt Muisitfi 

A moderate-sized evergreen tree with delightful 
fragrance diffused by numerous cltisters of white star- 
shaped flowers ivhich appear during March/April. This 
tree is very suitable for small shade avenues. Propagated 
from seed obatained from the edible fruit w'hich ripens in 
August. 

Eucalyptuj 

Is a well-kns>wTi white tall tree with long leaves which 
give peculiar smelL 

Seeds arc so^vn in about the middle of March in 
bottomless pots filled with compost made of leaf mould 
and soil in equal quantities and very lightly covered over 
with ash. The pots should be kept under a light shade of 
trees in small nursery beds w-jth small cross bunds to hold 
water. If nursery beds arc made in the the plants 

should be protected against sun. The soil in the jmIS 
must be kept moist till gcrminatioiii which generally requires 
about a weeks* The pots should be kept clear of weeds 
and only one healthy pbnt retained in each pot. 

The plants should grow up i to t i ft. hdght in about 
4 months time when they are fit for transplanting. VVholc 
of the contents of the pots in which ^cdlings have been 
grown should be carried to the new- site along w-^ith the 
plants. 

Fig or jlnjCfT 

Easily raised ifrom cuttings ' planted'in shady nu^ty 
bed* Fruit ripens from May to Augiist. ■ Rcquit'Cs'eyeful 
protecrion* 

Coiden jhowtrj AtnalLu^ 

A modecate-si^ied trcCj _ somew'hat unsyinrnCtrical 
unless properly tramed* Has long browp fruits which 
arc used f6r sotn/^ medrcifics. Timber has rtb spt^l 
value. The tree does not need any spatial soW and can be 
gnowTi in hot climates* Suitable for aveiiUes. Fropa^cd 
seeds which a Jew iwcck^ to - gcrmii'iate- 
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avail able in JuJ jf/Auguat, Seedlmga stand trans-plantiap wtU 
prov^ the root-sysccm is not damaged j slow growing 
to be^n they develop rapidly after a year. The 

tra li JeaHess during Fcb,/March. 

Gmm^hor 

A medium-sized, fast growing tree with aa umbrclla- 
Uke crown of finely cut bright green foliage and beautiful 
^ fJcnwrs, Tr« is leafTess from Mardi to May. Untallv 
grown frtin seed which arc somewhat obdurate to ger^ 
^ ra\icd from cuttings. The s^ds 

rZiT V the fruits. The growth is 

rapid and trees begin to bear in four or five years. Suitable 
M town avenuD in dry localities but the timber or fruit 
nas no value. Generally grown for ornamental purposes. 
Indiait BtaeA 

with ! neatly evergreen, fast growing tree 

if AW* shady crown of shining dart-green 

doMi but would grow in the 

ii. T. Sepi./Oct. Seed 

th^ ihell which sliould be broken without injuring 

j covering, prior to sowing. The 
t preserved with the heavy shell on. The 

col^r i! 5r hght yellowish green; if 

coiour is changed, they arc unfit for germination, 

JJidtart CtfrJt 

white "^hh beautiful deep-green leaves and 

Nov,/Dcc. Easily pro- 
NoumlhlT tut may be raised from sSd! 

and tel<-D^ routes or for plantation near dcctric 

rooted a wires as il la extremely brittle and shallow 
7flfi ^ ^ uprooted due to heavy winds. 

EHi™" t™ for Uk v»lue ofiis fniil, when 

ifiEck VoliiJr tree pmsTj to a considerable aiie and has* 
^^clics ^ aarJc leaves. There are two main 
Efowth L, if ^'fht soil for it* best 

rainL I A « wclL The 

it can bu ™oj!f air of coastal districts suits it best, 
grown in sheltered situations by urigadon. 
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The size of the tree usually depends upon the soil. The 
tree is propagated by planting the seeds in groups ^ of 
4 or 5 in well manured pits 30 ft. apart and then keeping 
the strongest seedlings in the nursery and transplanting 
30 ft. apart in the held. The seeds should be sown 
absolutely fresh without injuring the membrane covering 
it. Tlic tree bears fruits from the fifth to^ eighth year. 
Blossoms and sets its fruit in Nov. and continues to do so 
even until March. The tree has timber value. 

Jaman^ Indian Chary 

Is a large tree with fine shady verdant foliage of dark- 
green shiny leaves, very common in all parts of Indi^ 
Is somewhat slow growing; well-known for its fruits, and 
very suitable for shade avenues. Seeds arc collected when 
ripe during JuncjJnly and arc sown in a nursery during 
the beginning of monsoons. Soil is kept moist by percola¬ 
tion and direct w'atering b avoided. Several seeds arc 
sown together. Seedlings may be planted at the 
cold weather if the land is irrigated, if not, they should be 
planted during rains. Jaman roots cannot stand much 
exposure or injury during transplanting, therefore need 
careful handling. 

Jhand 

May be propagated by transplanting root suckers or 
by seed. Sown during rains or in spring. Ripens in June. 

Kail, Biar, Chair, Chil . 

^cd is so>vn during Nov./Dcc. Seedling 
be planted out during the rains when tall enough to hold 
their own. Ripens in Oct. or end of autumn. 

Kikar or Babul • .u « 

Is a thorny tree; seldom attains a greater height tnan 
40 to 50 ft. or a greater thickness than 2^ ft. It W 
grown where the soil is poor or the sub-soil water level is 
low; can even grow in soib containing a small percentage 
of kallar although the growth b rather slow. 

Seed ripens in Jime/July. Before sowing the s^» 
are soaked for several days in cowdung and water. Bw 
results are obtained when kikar seeds have passed 
goats, stomach. Kikar seeds arc sown on the berms 
trenches one ft. wide and one ft. deep and lightly covered 
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with earth. Sowing is done just before the break of mon- 
soon or dunng the spring season. On unstable soils or on 
slopes Kikar should be sown in circular pits, about i ^ ft. 
dia. 6 deep, 6 ft. apart and in rows lo ft. distance, 
nants should r^in in seed beds for 9 months before 
transpianung. Does not require much of care or watering 
except when young during winters. 

Kikar trw yields excellent firewood and charcoal. 
T “ cj^-grained, hard, tough, heavy and 
urablc. Is used for making wheels and spokes of country 
ca^ handles of agricultural implements and for boat 
tng. Bark of the tree is used by the tanning trade. 
fCacfuutr 

Is well-known for iu fruits; easily grown from seed or 
irora nursery, ^dlings require much light and will not 
sprmg up m shade. Ripens in June/July. 

Mango 

evergreen, shady, long-Uved tree 
of *odia and well-known for its 
It will grow on practically any soil but roots require 
^ rnoisture, a weU. drained ^soil,^annot stand witer- 
J development the tree requires plenty of 
yo^^^ntf against frost is essential of the 

it easily raised from seed but best variety 

grafting. Seed is sown in August and 
. ft Panted in Sept. For planting, circular pits of 
a m/% and about 4 ft. deep shoiud be dug at least 

seatnn^” commencement of the planting 

nut ^ed with rich soil and watered liberally. The 

sowif!^^ should not be kept for more than a month before 
sowinf**?”^ should be sown before the kernel dries. In 
^ should be placed flat. It will germinate 

5 w ao days; requires W'aterings every 2 or 3 days. 

carlv^ ^ carefully pruned in the 

Man^ ^ obtain straight steins. Bears fruit during 
climati.N ^P^ for about 3 months, varying with the 

rallv ni^* . June in the Punjab. Are gene- 

fatiy pUnted about 30 to 40 ft. apart. 


13/20 INDIAN PRACTICAL CIVIL ENGINEERS* HANDBOOK 


Wood is of inferior quality, coarse and open grained, 
of deep grey or yclIo\vish colour, used for inferior claa of 
doors and windows or furniture and also as firewood. 
wood should not be used for beams, battens or any load 
bearing structures. Planks are made for scaffoldings, 
etc. The mango wood decays if exposed to wet; 
is readily attacked b>' white-ants and with age is also liable 
to develop hollows. 

AlohoOf Mowa 

Is a very common large tree grown in the 
It affords g<^ shade and is considered very suitable for 
avenues. It Is propagated by seed which should be wwn 
absolutely fresh and directly in pots. The fruit ripens from 
June to August. Seeds are collected from ripe fnuts and 
which should be removed without injuring their shells, n 
some places it is preferred to soak the seeds for 10 to 12 ^ys 
before sowing. The plants may be put out when 
an year old. In the South, a sort of liquid food is extrac e 
out of the tree. Its wood is used for engineering works. 


Malbury or Tut . « . j 

It is a well-known tree for its fruit. Propag^ed ir 
seed or from cuttings. Sown in June/July. Seeds npens 
in April/May. It is a shady tree. Wood U useful in various 
ways; sports goods are made of it. 

^ This tree can stand a very dry climate and is useful ^ 
planting along roads in dry districts. 

Led which should be collected from trc« when ^ 

ripe in the month of June to Augwt and should ^ »wn as 

soon as possible after collection >n well 

beds. iS^Ae seed has oil it will stand much * 

Seed should be covered lightly with earth, watered J 

and soil kept loose. Seedlings may be 

3 to 4 ft. high, and planted out with earth 

in D«. or in the rains, and watered 

and shoot cuttings can also be planted. Iw umber is 

for various purposes and oil extracted from seeds. 


Oliv€ or Kan : . . 11 

Sown at the end of cold weather in well prepw 
nursery beds or pots in a soil mixed with charcoa , 
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well watered. Seedlings should be planted in April if 
irrigated or durir^ the rains. Seed ripens in August to Nov. 
Pipal : 

A good shady tree for avenue or road-side plantation. 
May be planted at the end of cold weather or rains, 
^e seed ripens in April/May. Propagated by cuttings. 
Should be planted 6 ins. apart in trenches 1 ft. apart. 
Should not be planted near masonry structures. 

Plantain or Ktla 

^ Well-known for its fruit. Grown in many provinces 
in India. Not suitable for road-side plantation. Propa¬ 
gated by root suckers which spring up from the roots 
and planted out in a trench dug 3 ft. deep and filled in 
irith a mixture of § manure and § earth. Requires 
constant moisture and heavp manuring. 

Shisham, Shu, Sisoor or Tahli 

It is the most important tree of Northern India well- 
known for its valuable wood which is dark in coloui, hard 
and tough) used for important building wrorks (doon, 
windows and heavy beams) and furniture. This wood is 
not usually attacked by w’hite-ants. It is a shady tree 
and grows very successfully in irrigated areas with sandy 
and clayey loam soils and can adso be raised by hand 
watering. 

^ds should be collected from well-grown trees by 
shaking branches ; only fresh seeds should be used. Seed 
ripens in Dec./Jan. and can be collected up to April, 
Ae best period for collection being the month of Feb. 
Sowing operations should be carried out in the beginning 
^ihe hot weather in irrigated land, the earlier the better 
^wing can also be done during winter rains. The soil 
mould be kept moist till the see^ germinate, which com¬ 
mences after about 7 to 15 days. 

A yellowish colour of the leaves shows cither want of 
water or too much of watering of the young plants. It 
requires much light and room to grow. 

The easiest and best method of growing Seesham is 
from stumps of one to two years old nursery grown plants. 
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ActunL planting of the stumm should be taken up sifleT one 
or two waterings of the plantation area so that the site 
becomes moist. More precautions arc necessary to avoid 
water logging of the stumps. Holes are made with an 
iron rod 3^ ft. long and | in. dia. The stumps arc pushed, 
m keeping only the shoot portion above the ground. The 
stumps should be irrigated soon after pbnting and the 
ground should be kept moist until they sprout. Young 
trees 10 to 13 ft. high can be planted successfully in the 
rains even in dry districts. The new shoots have to be 
protected for a year or two. Direct showing involves 
great skill, labour and time, is eicpensive and needs more 
watering and can only s'lcceed in good soil. 

Plants which have suffered set back in their growth 
due to anv reason should be cut at ground level in the 
month ofDcc^/Jan. New shoots will come up if adequate 
irrigation is applied. The shoots must be properly pro¬ 
tected against browsing if the new plants are to obtain 
normal conditions. 

Siris ilt is called Wonian*s Tongue in America). 

A fairly fast growing common tree widely planted 
throughout India, A straight growing tree with large 
CTOV^i of handsome foliage and sweet scented flowers 
w-hich appear during March/April, It grows to 40 or 
50 ft. in height and 5 to 6 ft. In girth and is thus a good 
highways avenue tree. Easily raised from seeds whi^ 
ripen from Jul^ to Sept. Pods arc stripped open to obtain 
the seeds which can be preserved if necessary'. Should 
be sown in a nursery. Seedlings should be planted out 
at the end of cold weather if irrigafedj otherwise in rains. 
The timber is hard and Is used in many ways; eminently 
Equitable for making hubs of wheels. 

Simbal or Stmai 

Is propagated from seed and also from cuttings. Seeds 
should be collected when ripe during the month of April/ 
May, and should be sown as soon as possible after collec¬ 
tion, Watering is done by percolation through the 
trenches. Seeds take 1 to 3 weeks to germinate. A 
loose sandy soil is more favourable and the planU will 
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grow fast if wcU ^^-aicrcd. Tht plants can be planted 
out when two months old or they can be planted as root 
and shoo^t cuttings at the beginning of the following rainy 
season, the length of the root being about 9 ins. and 
that of the shoot about 3 ins. Wo^ is not ver)' useful. 
Fruit IS eaten in sonae parts after cookings 
Spantsh Chisimit 

Match or April in prepared nursery 
oeds. Seedlings may be planted out during winter when 
3to 4 old. Sttd ripens during August/September. 

he seed should be kept in dry earth until sown to protect 
from attacks of vermins. 

Tantarindf fndi 

Is a very handsome^ 


slow 


tree 


. V ^ growing, fairW big 

^ height of 70 to 80 It. and of a girth up to 05 
tirtt ^ “rough resistant and can thrive in any soil but is 
Very successful In high aJdtudes and water-logged areas, 
c tree is much valued for its fruit and is very suitable 
or avenues. The heart-wood is very hard, close-grained, 
rk red and very hard to work and is used for various 
purpose and 13 also very good brick-buming fuel* Plants 
re raised which should be o^ained in the 

ripening season from fully ripe fruits. 

Ttak, ^gwoiif Savona 

yields the best and most Important Umber 
and * which Is generally used for frtmlturc making 

in classes of doors and windows. It is grown 

P^^ncej in India and has many varieties and 
^ mes* The wood is very durable and is not attacked 
^wlulc-ants. The tree la best propagated by root-shoots. 

straight and has foliage of large leaves 
does not give much shade. 

Tbi 

nft }u ^ ^ handsome shady tree grown extensively in the 

from seed sown m the 
i_ T,^ or soon after collection in nursery'. Rlperls 

rini should be collected from the trees when 

Off Vrt May/Jime and should not be picked 

^ the ground, Swdling should be kept 5 to 6 ft. 
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apart and soil should be loosened in the vincmity of the 
seedings. Young plants should be screexsed off horn hot 
sun and frost. Entire plants may be transplanted with 
balls of earth attached to the roots or root and sh(Wt 
cuttings can be planted in the usual manner in the begin¬ 
ning of the following rainy season. Root and shoot cut¬ 
tings can also be phinted during the following cold wea¬ 
ther when the plants are leafless. 

White Cedar, Bildevdari 

This is a very large shady tree suitable for avenua. 
It yields a superior timber which is ve^ durable, ^ 
appearance and texture. The wood is not attacKcd by 
insects. 
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1. HYDRAULIC DATA 


1 e. ft, rtf wfltfif 


1 gnll^rn (liuporUl) 


I Hire 

I cwt * of water 


=0.24 rails. (Iinpcriftl) 

=7,45 galls. (U.S ) 

=62.4 Ibfl. in wtight (fresb) 

E 54 lbs. seA water 
= 28.32 litres 

= 10 lbs. in wiei(iht^4,S4k>!;. 
—0,16 o. ft=277.46 c. ina. 

=8 pi Ills = 160 Ouiil ounce* 
=4.^ litres ^ 0J60G1 t.ft- 
= 1JS VS. galla. 

=2J lb*. 0.0353 e.ft.”=0 22 galb 
= 1.8 g«llS' 


1 c.fl, per sec. -.373.7 gall*. j*r mitiwte 

=22,424 galls, per bi>«r 
=538,170 galla. per *!*>’' 

1 gftU. per niUi.-0.0026T c.fl7scc,= 1440 galb. l^r d*y- 

d.ft, pec min. x 9000-= galls, per 24 hours 

Tons X 224 =.galU«ie, or 1 tan=224 gftils.= l000 litres 

ToittXSO-^c.ft* (approsE.) 

Specific gravity of water is taken <w L 

1 ft. I of water -= 62.4 ft-= 0,4335 1 Waq- 

=0.881 in. of mercury* 


2*3l bead of water in ft-^ 4 lb. per U'* 

Head in feetX 0 . 433 —in. 

Pfcwure iii Ibs./sq. m.x3.3l=head in feet «f 

or (Pressarc to Ib8./s4i. Lii.=3,3l feetbead of water). 

1 inch coiunin of mcrcuO'"* 4-^*1 ft- bead "f water 

=0.49 lb,/sq. m. 


I ar» covere<l I indi clecp-22,650 gall*. 
1 acreduot—tJ 013 c.yd 5 ,^ 43 TjeO c*ft. 
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Ameneau Measure * : 

I U, 8. galIonsO.833 Impmal gaJI. 

(Gallons used in India are the Imperial gallons) 

-231 c. ins.<=3.773litres- 8 ^ Iba.*3.78 kg. 

I c.ft. -7.481 galK 

1 o.fts per sec. —449 galls, per minute 
—646,963 galls, per day 

1 c.ft. per sec. is sometimes called "second foot*’. 

1 c.ft. of fresh snow—5 to 12 lbs. 

1 c.ft. of ice—57.4 lbs. 

1 c.ft. of wet and compacted snow—15 to 50 Iba. 

If V is the velocity in feet per second, the delivery in 
gallons per minute through a pipe of d inches diameter 
—2.01 V d* or say 2 V d* (approx.). 

Theoretical velocity with respect to head of water or 
pressure is taken: 

V-V(2gH)-8.025VH 

1 V** 

^ -0.0156 H-^-0.0155 V* 

—the head of energy required to produce a velocity 
of V feet per second. It is also called "velocity head". 

where : 

V—velocity in ft./sec., U—bead of water in feet. 

(This is head or energy required to produce a velocity.) 
g—acceleration or gravity constant^ 32.2 ft./sec*. 

1 Horse-power— 33,000 Ibe. raised 1 ft. high in 1 minute, 
—550 lbs. raised 1 ft. high in 1 second, 
—power ezerte<l by 8.8 c. ft of water falling 
1 ft. in 1 second. 

C^be strength of 1 horse is conswlered equivalent to 5 men.) 
Atmoipkeric Prurure : 

(The atmosphere is considered to extend to a height 
®f At least 45 miles above sea level.) 
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The “Btmosphero” exerts b pressure of 14.7 Ibs./sq. in 
which is equivalent to a static head of 33.95 feet of water 
or 29.92 inchee of mercury at mean sea level. (I atmos' 
phere is usually taken a 15 lbs. per sq. in. or 34 feet of 
water.) 

ComprestihUity of WaUr : 

PoicaVt Law — TKt pressure per unit of area ex^ed 
anywhere on a mast of liquid is transmitted undiminished 
in all directions ; ana any surface in contact with the liquid 
win be subjected to this pressure la a direction at rigid angles 
to the surface. 

The compressibility of water under pressure iB very 
alight and it recovers its original volume immediately after 
the pressure is removed. 

Properties of Floids Compared with Solids : 

(i) Water spreads evenly on a level surface. 

(••) Priction^ resistance to the motion of water in¬ 
creases with velocity, whereas in the case of 
solids friction is independent of velocity. 

(tti) Friction between solids increases with pressure, 
while loss of head incurred by water is indepen¬ 
dent of pressure. 

(iv) In solids friction is independent of area, in 
liquids it directly depends on the same. 

Gesieral Pr ope rti es of Water aad loe : 

Pure water is usually assumed to boil at 212*F. or 
100®C. in the open air at sea level, and at about 1* fw 
every about 5^ feet above sea level for heights within one 
mile. In other words, if we ascend a mountain (air pree- 
sure diminishes) to a height of H feet, and the number of 
degrees D to be deducted from 212* for the actual boiling 
point w given by the relation: H=520 D + D*. In a 
metallic veasel it may boil at 210®F., and in a glass one, at 
from 212* to 220*F. It evaporates at all temperatures and 
has a greater capacity for heat than any other known sub¬ 
stance. Water attains its maximum density at 39.2*F. 
when it weighs 62 425 lbs. The weight decreases with rise 
in temperature an<l at 100*F. it is 62 lbs. 
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Jt SyF.or or., when 

■■ 1;;^ “ i«. it hae expanded one- 
t«Ifthof Its onpnn! bulk ae water. This euddm einan- 
^foroe eaerted at the moment of freeiing ia nuffioiM^ 

P'"™ ■ probably not hH 

?!!: ?*'■ “>■ ?■ ^ pieee of iee hae only 

l/iStn of its ihtckiiess aboro vrater. ^ 

w!: w“'r “'ts norznal to the aut. 

lir ^ to aurfaoe of a iiquid tho 

KZ.“Lw1nSto" ditoction.’and 

oieretri pZuIT**' "f 

?k k * pressure of I Ib,/Bq, in. on the base 

^ ftehigh Ae a 

P against a ’wall eierts pressure equaJ to 

P m the form of a tmogl^. abc. acting thmugh the centre 
» ■ - - of gm^ty of the tnaugl* at a distance of h/3 

irDin thf! iho^p. wh^nofi t 

Wh* 

P=^^3I.2h^ 

Total moment of 
water = I0.4h’ 



W=^wt. of 1 Caft, of 
water, tti,, 02.4 lbs*, 
P= total pres3iir«j 
h=depth of ’H'ater. 


Mto™ "nyP^nwon the free suriaw of the 

Water preaeorc on rabmerged earfacee t_ 

•“> n™ (.tngle face)- 

iree aarracex unit weight of water. 


rr 

d 


•urfacd 

IT7I 


^ Resultant Pressure R is 
acting it its centre of pressure 
at CeCg. la the centre of 
gravity of the area of suTfaoe 
A. 
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, , . lo Ig+Ay* 

Dqath of centre of prftMure=d=-^=s — 

lq» Moment of Inertm of the figure about 00^ 

Ig=sDitto- about honxontaJ asia through centru of 
area. Total pressure on the plats will be—W ay 

For inclined surface, d will be 

Ay 
Ay* 


Io»Tg+ 


sia*0 


Pk^ftiune of water in motjon mgaidit a plane normal 
to the dlnctioit of flow 


R- 1 . 8 \^A 

'=^ 


R=i:esi8taac« of a plane normal to tho 
cnirent m Ibe./sq, ft.^ 

V~ velocity of the cumeJit in ft./eec* 
For a plane oblique to the cun^nt t 


R'=^Kx 


2 ain' a 


A=area of the surface. 


1 f-flin** 

2, DISCHARGE THROUGH NOTCHES 


Q-|eBVagH''* 
^3.33 BH 

For submerged notchea 

0 -c*A.V. 




Qk; discharge in c.ft./sec+i 
e^co-effioient of discharge. 
A^area in sq. 


Co-efficient c la generally taken O.flO to D.62 ftif th^Ti 
pLatee or sharji crtited weirs, free overfall. 

For a rectangular notch in a thin plate with two 
end contractions if the length of the notch is not lew than 
three times the head, a more accurate formula is t 

i C(B-0.2H) H 
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co-f Tfii^tent rtmAiiis itiDTt mn^tant 


The value of the 
and 1 * equal to O-flOft. 

Trlmni^lar Natehcc : 

(i) 

I el 

fi ~ <A 

or 15 ^ V^g ^ H 

(h7 tetth rigM 9ngle : 



Q='j|- %/2gH 


(forakarp edged) 


SE 2r54H*\^H height above liuttoJtt 

of notch ia kac h a st ft. 
or Qj=0.305 Qi^dischargo in c, n. 

per minote^ 

Co-efficient of discharge g vortea froDi for ■ 

right angle notch to 0'fi2 for greftter angles. 

The V notch is Tocommended for dtschargea up to 
^fOOO galls, per hour. For smaller iLischargea a half W* 
V natch may be used ; the discharge of ureter over a half 
V* notch is taken half that over a 90*^ V notch with the 
*aoM» bead. Such notches ore suitable only where tho 
^TOcUent is sufficiently steep and a good drop U available. 
l’’or larger Hows in the open, the rectangular notch ia suit¬ 
able aohd weirs for still lai^r flowa^ e.g., waterfalls in 
riv«Bj overflows tn reservoirs. 

The head should be measured in the corners of the 
flume farmed by the notch bulkhead if the flume is suffi¬ 
ciently wide« or at a lUstance upstream from the wojr 
approibnat^y 4 times the head (3 ft. mm.J The depth of 
the bottom of the channel below the apex of the notch 
■hould not be less than 0 ins. on the (lown^reatn side, 
^hile on the upstream aide it should not be less than 12 
in*, far heads up to 9 ins., nor less than 18 iiw, for largOT 
nevU Tiifi falling sheet of water should have acce^ of air 
**hind it. if notch is made of wooden planks, an iitm 
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iSDtAN 


fllAtmCAt GiVtL EKOINEEW* HAJTOBOOlt 


ptte ah...t 1/le-m. tWuk kUouH ta % 

kcop aiM iimry uf form dnd permanent roitect aharpnew 

**^*'**' * .n. ._ rialh. fW Houi'. 


~H iw- 

*> 

"TT" 

'T/TT 

■ 0 " 

0 

0 fi 

4 

1 

112 

150 

195 

2 

635 

732 

850 

8 

1,750 

13)36 

2,135 

4 

3.581 

3,800 

4,150 

5 

6,280 

fi,650 

7,070 

6 

9,300 

10,421 

10.940 

7 

14.540 

15,200 

15,800 

8 

20,500 

21,100 

22 100 


rv, i ,v. 


1 

24B 

97i 

2.350 

4,4»0 

7.520 

li.500 

16.550 

23,000 


22 
3081 
1 ,100 ' 

2535 
4,820 
7,970 . 

12/160 . 12,650 
17;240 ; 18,000 
24,000 I 25.000 


"32 1 

377 

1,250 

2,800 

5,160 

8,420 


456 

1,400 

3.050 

5.555 

8,900 


W 
538 
t,570 
3,311 
5,8T0 

9,380 


13,250 113,900 
1B.750 19,500 
26.000 127,000 


Head 

ID*. 

Uucltiir^c ^ 

i 

CiurCJ 

Gallt.yint. 1 

im. 

30 

8.060 

29.78 

"^5 

3.5 

0.117 

43 E3 

10.0 

4.8 

8.163 

60.79 

10.5 1 

4.3 

0.218 

81 41 

IL.O ' 

5.8 

0.283 . 

105.72 

H.S 

5.3 

0.358 i 

133.91 

12.0 

6.0 

0,445 

166.16 

12.3 

6.3 

0.542 

202,65 

13.8 

7.8 

0.632 

243.59 

13.5 

7,5 

0.773 , 

288.98 

14,0 

&0 

0.907 

339.14 

14,3 

8,3 

1.034 

394.16 

15,0 

9,0 

1.215 ; 

434.20 

“ ! 


pjtcbafec __ 

ICmgCJ I Ci»lU./iiit. 


■j.389 

1.570 

I. 70 L 

1.999 

2.232 

2.480 

2 744 

3 025 
3.321 
3.635 
3.96& 
4.813 


519.37 
S89v83 
665.68 
747.09 
834.17 
927,01 
1025,8 
1130.6 
1241.3 
1358J 
L482.2 
1612.2 


T>otib]ing the depth mrreafl« the “'y* 

trebling tJie depth inereasea the discharge I&'jj times. 
" ARTVinfiS 


Sharp Edged OnBcci (Sma] 1 )-Fre« fait 
Q^rAV(2gH) -5A yH (approi,) 

e is generally taken 0,62 for sharp edged 
oriiicea, free fall. 

Thu furmula is applicable k>ng as 
the Diifibe is amall compared with the 
Head erting on it, t.c,, the head on the 
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orifice U at tiAice the vertioul dimeiwion of the orifice, 
iFor shallow watcru c will be about 0,570 

Square ond rectangular orificee have slightly higher 
discharges than circular orifices, by about 1 to I 4 per cent. 

If the orifice is aii a thick wall (ihickuea!i about 2,5 
to 3 times the rlianieter of the orifice) or a tab® of similar 
lengthy with large bead IH), the value of co-efficieot is 
increased up to 0,815, Thus, with the fume head, the 
discharge from an orifice througli a thick wall may be 
about |rd greater than that from a sharp edged orifice 
of the same ilia meter, (The tube to project outs’ule the 
wall arwl both entrie** to be square wlged.) 

*Bel]-iiioQtlted Orifice t Orifice with well rounded entry ; 

If tJie inner etlge uf an nrific ia care¬ 
fully ehapeil and well rou nded the to* 
efficient c can be 0,97, 

Q=0 fl7 AV(2gHj 

There can be various valued for the 
cft-eflBcient e in between 0.02 and 0.99 according to the 
shape of tl^e orifice. If the orifice is near the bottom or 
the side of a reservoir, c will have a value in betw een the 
t^o limits. 

The entrance to plpee fnim neservoira am often beM- 
iKJuthed to avoid the contraction and consequent losa of 
head w'hich w'ould otherwise occur 

A sharp-tdged orifice hoe a sharp upstream comer 
** that the water in passing touches only a line. The 
stream of water issuing from the orifice ia te rmed a jit. 
If the orifice discharges into the air, it is called frte jail l 
if it discharges under water, it is called sabmerped. 

- . bcU-tnouihed orifice a made of ihc coottKircf the free jet 
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Values of Co-«fficient c for various conditions of Orifices : 


Docriptioo 


Vslue of c 


Souli regular opeoingf with thallow trater . 

Orificej in thin plates (sharp edged) 

CjrliadricaJ short tubes . 

Sluices without side walls or ordiaary-lo^ sluices 
Conical d iv e r g ent 5* mouthpiece . 

Short tube (eatemal qdiadrical) or orifice in thick wall 
wrth square edged entry, when the length of the tube or 
^ thickness of the wall is 2| times to S times the 
diameter of the orifice . 

Ditto, when the thickness of the wall or the length of the 
tubeisshort . 


Re^trani tube, length about 2| diameters (tube project¬ 
ing inside the waU). 

Ditto, when the length is about 1 it is called 

'*Borda*s Mouthpiece** . 

BeO-roouth orifice (vena cootracu) well rounded 

Divergent Bell-mouth . 

Sharp edged orifice with converging mouthpiece (angle of 
convergence IS*-2r) . 


Opening whose bottom is on a level with that of the reser¬ 
voir ; for sluices with walls in a line with the orifices, 
for bridges with pointed piers and abrupt prcjectioos... 

Flow tArovgh morf than one Orifice : 


0J7 

0.fi2 

0.63 

a62 

IJO 


0.82 

0.61 

0.73 

0J2 

0S7 

2.00 

oje 


0.86 


In order that two orifices in the name plane may have 
no effect on the discharge of each other, there should be 
no overlapping of the minimum clear margin or the 
minimum area of approach sections requisite for full 
contraction. Minimum margin is considered 2.75 times the 
least dimensions of the aperture. If the orifices are closer, 
the discharges are increaseti; the co-efficient of discharge 
in the case of sluice gates increases from 0.63 for a tingle 
gate to 0.63 for five gates, all open at the same time. 

Short Pipes : As the cylindrical adjutage is gradually 
increased in length to as to become a short pipe, the 
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frictional resiatance and the co-efti.i'ient dimi- 

tiiflhea &a follows 



— r~ 

“T" 

3 

"T“ 

~ir~ 

"TT" 


"TO" 

c 

.62 

M 

.8)5 

.79 

.77 

*74 

Jl 

.64 

Cl 

.62 

*79 

.760 

.76 

.72 

*69 

*63 

.53 

L 

T5 

100 

t50 

200 

250" 

""330“ 


"W 

C 

.5(9 

.55 

.49 

*44 

*41 

.sa 


iifi 


*47 

.41 

*96 

.32 

.29 

.27 


.155 


L ia length in diametera ; C is ed-eflUcietit of di»cb&rge 
for new pipes and for old pipes. 


SabmET^cd Orificev : 

Q^cA %/(2gH) 





H is the difTerenne of water surfaces 
each aide of the orifice. 

Vahie of c for a submerged orifice may 
be taken about 1 per cent Jess than its 

fbr the same orifice tmder* the same 
effective head when discharging freely into the air* For 
*iiiall aiae sharp eilged orifices and head up to 4 ft. the 
approximate value of e ia 0.60. Average value of c=0 fi3 
for rectangular orificses. 

For PatitaUjf Suttmeryed small orifieea 
the same formuta applies and e may 
also be taken the same without much 
error. Some engineem take H to the 
centre of the orifice. There are also 
more aecuirate formulae but rosolte do 
not vary much. 

^ ^ Some approximate values of c for 

wgi^tor C^nmga, etc. 

jf ™ of moderate size in lock gates^ etc-. c^0,62; 
or n^lator opejiings between fi and 13 ft. wide. c-0*72i 
or leguiator op^ngs above 13 ft. wide, c=0.82 ; 
very lar^ sluioee and bridge operkinge, e=O.02t 
ftfi * sluices fs ordinarily taken 

_/ * , bridge and slnjce openings provided with cu t 

’^■lers and wmg walls, c=0.90 to 0.95. 
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VerticAl Orifice* wHli SmAll Reaii* ^ 

fi) BectaDguIar Opening : 



Unirss the head over the upper sill is lesa than the depth 
of the orifice, it will be sufficiently correct in practice to 
the expression for the diachargo from a small orifice, vt3.» 
Q=cA\/(2gH)* the head H ^ing measured to the centre 
of the orifice. 

For heads above 2 ft. the value of c for square orifiM* 
varies from 0.60 to 0,62 and for circulai orifices from 
0,50 to 0.61 

This formula applies for disohar^ of water through 
a sluice gate or laT;go orifice where water flows into water 
from a higher level to a lower level. 

(it) Circular Cpemnga : 



T=radius of vena contracta, R—radius of openmgj 
c=0fi nearly. 

(fii) Triangular opening t 



(o) Base up ; 


(5) Base down : 


(5) Base down : 



Partially Submerged : 


This may be divided tnio two portions t 
Qi—through a rectangular orifice of depth H*—Hi ! 
and Qf through a submerged orifice of head 
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(«) DUcharfft ihrtmgk /ru portion (like a notek) ; 

0.=-| j 

(E IB breadth of the wedrj 
(u) Dischargt of vtaUr inio toaitr t 

Q,=c^BxVC^fitH^ 

Total diachar^e wilt be=Q£+ Q^. 


The value of co-efficient e mny bo taken cquat to 
The value of co<efficient Cj may be takea aa given 
iu the foUowing tabb: 


DcKriptioa oT iwifice 

Value of - 

Cl 

1 CA/Zg 

SJuKn without iklr wnlb 

0.S6 

S40 

Cwal lock sad dock gaics .. 

0,70 

5.62 

Sluices to lock 

OSJ 

6 jG6 

Narrow brid^ openio^ ,,, 

Wide bridge openiQ^ or ray well built 

0.90 

7.22 

iluicci with side w»U* 

Wide openJng tbc bed of which b level with the 

0.94 

7 . 5 * 


056 

7.70 


SomHimes for a ahiico gate of a large orifice wboae 
wttoiQ ia on n level with the reeofvoir and the water flows 
Into water the oo-eflicient ia taken equal to O Sfl. 

Where the difference between H, and Ht ie small 
‘somparod with the formula be^mee : 

Q~C X B _H.) X ( 2 gHJ 

4. WEIRS 



"nie weirs are of two claaaes 

Sharp-crested and 
Broadcmted* 
^rp^raitd K>,>, ^ 



dmchar^ge over Rectangular weirs : 
clear overfall; without end confections : 

A - —' */ 

cB^/2g H 
^king €=^0.02, 


f».35cB H*^’=3.33BH’^*CapprDH.) 
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r’/t 


froiii 


Discharge in ft. per minute = 1^5 B H 
Franeis fomwia : 

3,33 (B- 0*1 n H) H 

n ia the number of end confcractiuiu {Z^ I or 0)* 

The Francia formuUe apply acourately to weirs 
R. to 10 ft* wide With heads of from O.O to i .6 ft* and vehwrt^ 
of approach between 0.2 and l.O ft* per aec* lUir hp 
should be between 2 ft. and 5 ft. above bottom of 

If end contractionB are perfect, it nausea at each eou a 
Bhortening of the effective ^breodth" by approUMtely 
0,1 X H and if aUowonoe is to be made for it, the Bonn b 
formula {for two end t-onUactbiMj becomes: ^ 

Q» |-r tB-^ 0 . 2 Hj H * 

^Vhen the length of a weir B is great relative to H, 
md contraction does not matter* 

The above equatifme oissiime no vtlocUy of app^^ef^, 
this velocitv (which tends to increase the discha^ej 
be taken account of by aiippoeing the head which w^ 
be lequirert to produce rt. to be oddetl to the nrtual he^. 
tit.M adding V*/2g to the head H. in feet, '* 

ganenTUy considered the difference b«ng neghgihle, toe 
discharge ia calculated with H. Where, however, the 
velocity of approach haa to be token into aocoimt tlie lor- 
tnula will become : ^ ^ 

Q-|-cBV^|ClI+h)^"^h “J 

Where h i the head due to 

Valueofc varies oonsidernbly wrth the head, kngto 

snd thickness of the weir crest end the ^ ^ 

of the w^ir* For a thin edge it b frem ftfi® to 0^ 
The folfowing values may be taken in the nbaenre of aay 




DacfipUeo cpTwcir 

VuiK 0 * - 

Broad-crnicd or flsiHopped ... -** 

With IlSiTDW ftwH Clo* ih*n 3fcJ' 

\V«r m'crCillt where beeadiii (®1 “ hilt 1 

ofthe ctumnel fmd cootir^iwW iuppertwfflj 

a623 3ja 

1 o.aefi — 
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f djeercaves with incipaae in vidth aJid incTenaea with 
im reaae in depth up to 4 fit* bejrond H'Jiich it a cun«Uat» 
nnd varies fmm 0,62 to 0.68* 

A weir for measoring discharge should have a weiJ 
defined form and a fairly level treat of permanent shape 
and height. The point where head is measured should be 
as {eaJSt 4H from the weir cre^rt. 

Watcx^l^ frona m weir : 

r=^ycV^’ 
where : 

y-D+ 1 h 

X ^horizontal duUnre o'f the centre of the faUing 
water from the downstream lip of the crest at any 
deptJi D below the level of the create 

H= height of still w'ater nbove weir crest* 

CipoUetti WcJr or Trapnoldal Wdr : 

This type of weir is oaerl for Urger discharges then cu 
be measored with a triangular notch and is fized 

oQjitmctiori eonditiont exist the width of the 

dMcharging channel is greater than the width of the weir,) 

mfVt (ihnrp crested) 

B is width of the weir at bottom j H is height of 
water measured at a ilislance 4x H from the erlge of the 
weir. 

Where the depth of water on tlje upstream behind the 
weir is more than four times the head over the weir crest 
and where the channel e<1gea recede a distani-e more than 
^ree timetf the head oyer the crest of weir on either side 
heyond the weir ends, the velocity of approach need not be 
considered. 

The siiles of a cipoHetti weir are slopkod at 1 hor. to 
4 '"ert., so made to compensate for entl rontrartkirui. The 
<^th of water shoulrl not he more than Jrd the length 
of we sill. The velocity of approuh miiHit be practically nit 
and it ohoiuld hate free overfalL 


J 4 /i 6 


tNDlAH PtlACnCAt, CIVIL ESCIS£E«' 


Water Ctubiotf 


l8 a pond of oodstmcted below a 

fall to protect the fonndAtiQii from 

the eJrgy and the velocity of 

the water cushion ehoukl be equal to the wi 



the be^i ot cufltuon. 

Discharge over a Rectangular Kotch or ^ 

Crested, per foot length, in gall., per hour, u ithont eH 

eontractLons * 


H. ins- 0 


0 

1 

1 

S 

4 

5 

6 

7 

8 
9 

10 

LI 

12 


2,I» 

4,700 ^650 


9.3S0 

14,150 

20,350 


10.300 

LS.IDO 

30.850 


26.450: 27.200 
33,000' 31.900 
4I.O00j 41.7W 
49.S00 
56,5001 58.000 
65.000, 66J8W 
74JOQ: 76.000 


2,500 
6,050 I 

10.550 
15.000 
2L.6Q0 
,28.too 

15.100 

42.550 
50,600 
59.000 
67.900 
;77.4O0 


ii I* 

640 rgoo 

2900l 3.100 iJSO 
6600, 7,l£Mh 7,^ 
11,150 11,^ [2^^ 
16!4W 17.2O0a7.JJ0 
22,450 21,200 24,000 
26^350 29,»0 10.™ 
36So0Ii7,O0017^ 
43.550 44.600 45.^ 
51,600 52.800 
60:oOO| 61.200 6^400 
fifl.BOO 70,200 71.^ 
j7B looira^ooisgago 


1.200 Tvw 

4.2M 4.^ 

6^200 8-5SS 

ilSoois^ 

18,600 ajOO 
24^ 25,6^ 

rr.».._ 3^600 


58.050 
46.500 
M.a» 
63.450 
72,400 
600 


47.700 
55,900 
64,500 

74.700 

ai-Qoo 


u th.flq.th ot .aut» 

ot 3 ft. opstreain. «lfl I ...Jodtj ii 3 ft 

notch » 2 ft. per »ec., ot J to. to depth .f »clo«.ty » 

per Btc, This i< fof rough caiquUtions. 
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^ Approxunato Ducharge of water over a Ret^taogtilar 
Weir oiie font wide* without end contract ion? : 


Q= 3 ^ BH*/i 


^mr 

ft. 

J.OO 

l.io 

1.^0 

J.30 

1.^0 

l.SO 

ijm 

t70 

1^ 

tja 


Dh. 

cus. 

r>ii. 

g.p.tn. 

H ic 
ft. 

— !>ir — 

C]us. 

^"^357 

J.p.m, 

3.33 

124S 

2^00 

9,41 

3520 

3.B+ 

1440 

3.25 

11.15 

4170 

4.37 . 

1640 

2.50 

13.16 

4920 

4.92 

1S4S 

2.75 

IMS 

5677 

5.50 

2060 

3.Q0 

17.30 

6470 

6.10 

2283 * 

3.50 

2160 

ai53 

6.71 

2510 

4,00 

26.64 

9963 

7.37 

3760 

4.50 

3U79 

11890 

8.03 

3010 

S,00 

37.23 

13934 

S.70 

3260 

5.50 

42e«i 

16063 


Discharge over n CipoUetti Weir per foot of 
Bottom width : 


Hm 

ft. 

0.1 

0.2 

OJ 

0.4 

0.S 

0.6 

0.7 

0.8 

0.9 

1.0 


. Dis. cujecj 


Oil. cu»c] 

per ft, nf 

Hit, 

per ft. of 

weir 

ft. 

weir ' 

0.107 

1.1 

3 884 " 

0.301 


4.426 

0.553 

1.3 

4.990 

0.852 

1,4 

5577 

1.190 ' 

1.5 

6.185 

1.565 

1.6 

6 8H 

1.972 

1.7 

7.462 

2.409 

t.t 

8.330 

2.875 


8.817 

3.367 

20 

9.522 1 


Kin 

ft. 

It 

i2 

Z3 

2.4 

Zb 

16 

2.7 

2.8 
2.9 
3.0 


Da. CUVQ 
per ft. of 
wipjr 


10.245 
10.986 
11.743 
I2SI7 
13.308 
14,114 
H.9M 
15.774 
16.626 
17Am 


IT the cipolletti uefr ia partially stibmergtsd^ fairly 
ccm^ate resulta can be obtain&j by niuitip lying the figure 
Tor tree ovorfaJl by a co-eiBcieQt which will vary 
Percentage of atibmeTsfon as under:—■ 

11 ^ - ■ 


with the 



Multi- 

plter 

0995 

09B9 

0.9BI 

0.973 

0.9G4 

0.956 


Percent 

SLibmrr^ 

■ion 

Mu|tj- 

pliw 

Per cent 
jubiuer.. 
lion 

Multi¬ 

plier 

28 

0.944 

52 

0 870 

32 

0.9J0 

56 

0S55 

36 

0 922 

60 

0840 

40 

0.910 

64 ' 

0824 

44 

3 0.^ 

68 

0W7 

48 

0J84 

70 

0799 
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Disctuirgc aver A Subfn'Crgei] : 

Tliiflinay be divided intt^ two portiom— Qt ft'vl 

{() Disfhargi thr^i^h /fee portion : 

Q,= r. cEV^g HiVi 
c= 0,577 

^ii) Di^horff^ iJifOtigh drourntd por¬ 
tion : 

0-=CiBxVC^!=Hi) c“0h80 . 

(Tliift is \Tithout velocity of approacU.) Tlie tlmivned 

i»ortion x on tbe crest is called ■ ,ieter 

‘ ThLs U tlifr most genera] and useful foriniila teeter 

mine the value of H, for a known maximum ^ 
charge. Ttie value of detluml from the 
added to the given maximum depth at which th 
flows and from this heights of the wmg walU 
hankf., etc-, can be Wl to avoid over topping 

dooilt^. Increase of head due to the velocity of appreat^n 
should be addcfJ i»y iipproaJmatlon. 

Rise of water caused by weirs : 

‘“PP"'"-’ ITT 




breadth of Tveir in ft* 

Discharge over Broad crested Weir ; 

H-h+ , 

f'impJe approviniftte expresaigii t 

Q — Q. 

■\Iax. discharge occurs when b^l H* in that ease 

•/ 

Q^3 09BH^" 

Tlie folbwing formula may I>e ai^eil for Hrt^d'Crep 
we’trs with crest lyidith exceetling 2 ft, anil head?i fret' 
itirlicA to twice the hrcadtli of the crest* 

S i 

<4=2.ft4 BH * 













f4 lit 


Fiat creitlHiioiTcafie the lijiit'hargt iiiitii tlie litiwl 
comes so high (between 1.5 to 2 tiines the width of the 
crest) that the water jet jirnips elear of the crest and the 
weir hccomes ttharp-crestcd for all praiTlicnl piirpruscs. A 
bn>atl flat crest may rerlue^^- the diaeharjie 2’> |tcr cifnt 
below that of the aharp etijrc. 

Rounded Created Weir : 

Q=CiB H*/f 

Cl=3 to 4 k 5 dopendjiig 
upon shape of crest. 

The eflfect of side eoneenttruthm has Iteen evahuitcd a>t 
a reduction of 0.1 H in breadth for each contract ton. A 
deposit of silt against the upstream face of the weir will 
alter the discharge co-efficient. 

Rounding the upstream comer of the crest of a weir 
mcre^s the dischargo. With Hat- crested weirs Bazui 
found this effect to amoimt to us much as Rt per cent 
when the radius of the rounding fi'fts4 ins. and the lireadth 
of crest b.od ft. 

Inclining the upstream fa^-e a nay from the curient 
cercases the contraction and increases the discharge ais 
much a.s ID pT cent uhen the sloi^c one of 4o\ ff 

mcJmation is ill the oppoHife direttbji, the eontnictioii 
mereasod and the discharge dectea^d. With a 45'' slope, 

le decrease may l>e as mucJi as T jier cent, Inciining the 
ownstream face <h)es not materially' alter the fli^icharge. 

1ft the enti^i crest rcducejs the discharge for 

“ combination of a romvlcil crest and an 
c med Qj^stream sloijo, the diserhargo mav I# incrroseil 2(t 
per cent above that of the sharp eiiged weir. 

Shaped Weir : 

Q=4.i BH* > 

{Duo to this shaju' the 
diaehftrg,iig capacity is more 
50 i>er rent than 
that of a reetniigirlar broad 
i^testcyl weirj. 
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Siphon Spill-way : 

Q=cAv/(2gH) 


c=0.75 for a simple type, 
=0.65 per hood type, 
=0.80 for volute type. 


A—the total area of all the siphon spill-way opening., 
H=the difference in levels of water upstream and 
down-stream of the spill-way, or operating head. 

5. FLOW FORMLXAE FOR OPEN OHAXXELS. 
DRAINS & PIPES 

(i) Chezy’a Bazin's, and Kuttcr's formnlae 
General Equation ; 

V=Cv/RS 

V*=i velocity in ft. per sec., 

C=co-efficient of roughness, 

Rshydraulic mean radius or hydraiilio mean depth, 
=cross-sectional area of the liquid ^Uvided by wette'l 
perimeter =d/4 for circular pipes. 

S=8ine of slope : gradient (vertical fall divided by the 
length measured along the length of the pipe, and 
not hon2r)ntally) or fall/longth. 

This formula is the basis of all formulae for flow in 
conduits, but the value of C is variable. 

Valu^ of C : 

C may l>c taken 125 for glazed surfaces; 100 for 
cemontcsl or smooth flnishe<l concrete ; 85 for ^ brick 

drains. 



(in British system of 
units) 


Kuttcr's C= 


H 


n 



n is the co-efficient of rougluiess. 
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'’“lucrt of i>o-efticient ‘V arv ccncrallv 
u»»e(l for Kuttcr’s or Maiininp’« fomiulue :— 


•Surface 

Uncoated casi*iron pipes 
(^ted cast-iron pi|>n .. 
VVrougbi iron pipes, bbek 
Unto, galvani/cd 
Riveted arid spiral steel 
Vitrified sewp'er pipes 

Common clay drainage t 
Glazed briikwork 
Brick sewers 
Neat cement surfacr 
Cement mortar surface 
^^oocretc pipes 
Coocrele-fined cliannels 
Cement-rubble surface 
Dry rubble surface 
Dressed ashlar surfacr 




(•ondition 



Brst 

Good 

Fair 

Rsd 


0i)12 

0.013 

0014 

0.015 


0.011 

001?* 

0 013^ 

0.015 

i 

0.012 1 

0.013 

0.014 

0.015 

• • 

0.013 

U.0I4 

0.015 

0.017 

pet 

U.0I3 

0.015 

0017 



{cH) } 

0013* 

0.015* 

0.017 


0011 

0.012 

O.0I4 

*0017 


O.Oll 

0.012 

0.013* 

0015 


0 012 

0.013 

0.015* 

0.017 

• • 

0.010 

0.011 

0.012 

0013 


0.011 

0.012 

0 013* 

0015 


0.012 

0,013 

0.015 

0.016 

• • 

0.012 

U,0H* 

0.016* 

0.018 


0017 

0020 

0.025 

0 030 

• • 

0.025 

0030 

0.033 

0.035 

• • 

0.013 

0014 

0 015 

0 017 

led 

in designing. 





O.OlO for 

0.011 for 

0.012 for 
0.013 for 

0 015 for 

0.017 for 
0.020 for 

0.025 for 
0 0:io for 


Oencral X'nlues 

glazotl |)i|R« ; very sniootli iixni niiK.*.-» ; neat 
cement Kurface. * 

cement pln8tor ; imn nn<l other smooth pipes 
in good orrler. ^ ^ 

unplaneil timlxT ; ordinaiy iron pipr*?!. 
well Imd brickwork and ashlar ; cast iron pii>ca 
ftsphalted or coaterl. with usual bends anp 
valves, etc. * 

rough brickwork ; goo<l stonework in fair r>nler • 

cast iron ; ordinary concrete. ' 

brickaork and stone in inferior condition. 

rubble masonry ; coarse brickwork; earth in 

good order ; ver>- fine gravel ; mngh concrete ; 

smooth rul>ble, (smooth surface). 

canals and rivers in earth in tolerably go.>.| 

order, free from stones and wee<ls. 

canals and rivers in bail orrler, rtccasioual stones 

and weeds. 
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(i.nSj f(^^ t a Da Ik mid riwra obstmictcul li^' detritus mid 
H ee^!l^^ {very ruEtgh flurface). 

o.(i40 for ditto, rough ruhble j with rough hottoma and 
nmeh vegetatioji, 

0,C> >(» for tiirrential rivers witli beds covered with detritus 
atifl bfrulrlcra. 

for very rough heavy griusa* 

(Als^i see under 'drricatioTi”) 



Tile valrie of k vnrie*i i,vitli the nnture of the tdiaimel 
as fullowR : 

<1,109^ for glnzed, very suiuotli i-einent plaMteml tiiirfaccs. 
9,*21> for sjurjoth—idanks, adikii:, brlckiiVorkT eonerete. 
n.3o for frin- jfpth vfinrrete surfaeesand b^iekl^ork in wnient, 
O.K.'I for rough—rubble masonry^ brickwork in inferior oou- 
dhion^ gravel well rammed. 

l.Ofi for rubhk masfmry and concrete surfacesi not verj 
sinfMith niul rough briekvi'ork+ -* 1.1 

1..T4 for rouglicr-earth ehannelst or (jre,ssed surfato pitehei 
in wiudi'or i^rt w ith stone, very regular atirfaccs. 
~2/Mt for very ronugh—ordinary torth ehaniiols, 

Ik IT for i^Kiiii^ivcly mugh—canals eneuniil>ere<l with ^ 
jLiid biHilderp, 

Value of C Idr drains and eJumnelH. ia given in Section Id- 
Kutter^s fomiuJa w as derived for fiow in ofieii ohann^ 
but. has iieen uschI with a fair degree of aciuiraey for 
and eondnits aLnci. It U only appmsiinately lorrcct lor 
.Kinnll rirenlar ](ii)es wiMi a i^jjstant vnlue of n- 
A siiiijikr ej(pr(‘«Kion for C tliiin. Kntter s is . 

II 

It IS ij^Piisidcred that Biucin’a forniulA gives tho mo^ 

nceuratp rt 'll U k, f*xccpt ill t fie rase of very large channoWj 
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the Kutter h furiuula has possibly the greater accuracy. 
Manning fonnula, b^’reason of its relative sirapUcitv, 
iH suitable for design purjicses and approaches rloselv to 
the results of the other two formulae. 


\ allies of C in tlie formula V*= v/IiJS for Clean 
Asphalte<l Cast Iron Pipes : 


Dia. of pipe ini. 
Value clf C 


3 

70 


6 9 12 15 18 21 24 30 36 42 48 
86 97 105 112 117 120 123 127 ISl 135 138 


This is a eoinpn>mi.se value of all the empirical for¬ 
mulae. given in the Proc. Inst. C.E. Vol. CIJII |>nge 207. 

For very rough (‘alenlatinns the value of C mnv be 
tflken as 100. * 


The discharge is cal<‘uljite<l by multiplying the velocity 
”.v the croKs.sectional an*a of the pipe. 

(<M Manning's fonnala : 


l.4JiO 

n 



<5 ^ * 

n 


S 




“n has the same value as in Kutter's formula : mav 
le taken^ I-p) for glazed surfaces ; 124 for cementeri or 
«mootli tinisheil concrete, or brickwork, or cast iron ; and 
114 for orrlinnry good brick drains. 

(iii) Crimp and Bruges’ formula for flow ia 
bnek Sewers : 

V = I24 S* or 124 U* *’ 

3 07214 

^ Vl^ 


discharge in c. ft. |ier minute ; )>=:dia. in inches * 
length divideil by fall. 

, formula holds for all good ordinaiy pipes and 
>riLk aewei^ up to 30 inches diameter, but the co-eflScient 
i|.4 may have to lie re<luce<l as much as 25 per cent for 
ow sewers and possibly increasfsl by the same amount for 
large new brick culverts. 
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{tv) formula forjityw in open Chonnef^ and Ptp€n ' 

V=l40VRS-l>f'HS 

Tliia \s for iiGii' or cleun iron coateJ or 

asphulte(l» Jaifl njT,der tiie ordinary ocmflitjuns of wat^?r 
mauis wit]\ valves and t>ends, etc. 

(pI EyUluKin’s fortnalafor S^ica^ Ffow : 

V=5o-v/(R X 2F)=ft4-2VKS 

F™fall in feet per mile ^ V=ivelocity ui feet per luiniite. 

(pi) Barnes’^ formula or How in -"^slimy sewers" of all 
materials t 

V = H>7 RO-^S*- 

(vif) Hazen and WillraikiSr^ Formula for fiiw in 
Pipe? and Channels ; 

V-1.318C •• S« «^0 line d® "3 S'" ** 

I^cliarge in galls, per hoiir= 14‘0GC d*‘“ 

This formnla is not siiitiible for pipes when the c"" 
eflicient C is appreciably hclow 100. 

The flow chart in "Water Supply" has been worked 
out with C=100. For other values of C, moltiph' by the 
following co-efficients :— 


c 

bl 


« 

5.t6 

0.40 

lio 

2.50 

0.60 

so 

1.51 

0.80 

90 

1.22 

C.dO 

too 

1.00 

1.00 

110 

aot 

LtO 

m 

0.71 

U20 


0.62 

1.80 

1-10 

0.54 

(.40 


Explanation 

(а) To delermine the low* of head 

with value of othvirthanlOtt 
multiply the lo**s of bead found 
from the chart by Li. 

(б) To detcninim the quantity of 

flow with value of “C" other than 
too multiply tilt quantity of fh»w 
tbimd from the chart by 1**. 


HVDRAUUCS 


Hl35- 

wnditiou likely to esiet lot wtimetuig 

Values of co-emcieat m Hazen und WiUiaiois^ for- 
^n^for various kmth of Pipes, Sewei^ and Cliiumeb 

Ku^dofFipe J~C~ t Kind of Pipe tr~ 


I1if« arid concfuiti 
3' to GO" dia, 

C«*t ItDD 

Very best MW 
r'w ivcH laid 
4 (o 6 years aid 
Ow jt2y«r, old 
^3 to 20 years dW 

26 to 35 yea^ 

(12'.60') 

Vcyjf roiigrh 

TLibcTculated 

Rlitted Steel Pip*,, 

New 

10 years otd I 

Ve^finooth, (hraii, 

Uii, etc.Ji 

OnJinary, ditto. 

Smooili ntH' If nn ' 

Onditiary iron 
A»besto» Cemptw 



Cement Lined Pipes 



Applied by hand 

125 

140 

CnitririJgaJty applied 

HO 

Wrought iron (H' UJ j' 


130 

Very smooth and straight 

14D 

I2D 

Smooth and new 

I20-I3S^ 

110 

OrditUiry iron 

JOG 

IDO 

Ord Iran 

60 

80 

Very rtMigh 
hfasonr^' 

r-0 

80 

Very iraooth 

130 

60 

Good masonarv 

120 

SD-4( 

Brick scw'crs 

too 

no 

dittn-raugh 

00 

ditio-vcry rouxh 

80 

100 

1 

Tj[c icvrars {4' to 30'} 

Open duumete 

110 

J40 

Goik] masOrary 

eo-i^D* 

Rough ditto 

7 5 

130 [ 

Gravel 

50- 80' 

120 

Earth very rotigi^ 

65. 75 

lOO 1 
H5 1 

ditto, kvith grass & weeds i 

35- 60 


„ above funiiulu gorrc^tiKHid!* to 

'^’efficient (n) of QMl in KutferV formula. 

Increase of head ncecssarj" tfi' maintain tlie sanac pres* 
and Velocity in old cast iron pijie^ :— 

Hazen and Williama* formula with hasicCof 130 

. _ Value of 

Percentage memse of 
aead 


rrar 

^ im ” 

roD 

00 

~ 80 

' EG 

31? 

03 

lOD 

146 


(AJfio see under “Irrigation' 'J 

^ ^ Max. velocity and discharge in a rectan^ilar channel 
HITS when the depth of water is half the breadth. 
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On‘>gK section of n Trupezoi^tnl channt'l t” havt 
How t 

K to be =0.rMll I A=ftreR tJi » 

A will bo =1.82Stl* i d”^leptli of water, 

F will be =3.656 <t P=w'etteii ijerimeter. 

Bottom w idth i= 0 , 82 S d R^liydraiilic menn depth 

Side slope —1:1 =A;F 

Fc^r CLrtnliiP Seel ions : 

Tieptli for inai£« velocity =.SiX diameter of pipe. 
Deydii for max. discharge^ .1)5 X diameter of pips. 
When ileptli is .25 d, velocity wriM be 25 pi-T cent 
than tlie maximum. 

K[:g — HhayK-fi Section closed : 

Pro portions of eroHs-aertlon wliicU will give an appro¬ 
ximately oftnstant hydratilie mean depth nre : 
Radius of cto^vn ... ... — R 

Rarlitia of invert ... ... 

Rudiim of sides nnd total rleptli ... =3R 

7. flow THROIX^H P1PE.=^ 

Bernoulli's Theorein : 

It as a prftposition a^lvnncettJ ity Daniel Bernoulli that 
Hu- enei^jx' head at. any soetiou in a flowing stream is cqiuil 
to the enei'gy head nt an}' other downstream j«iectlon 
the intervetiing kaiwes. 

^ —+ i/--ny— ^ * 4 - Ih — Xotij]| encTiJi^v of water 
% ''' per lb. 

E=certain height 
above certain, data, 
p =presftiirc in Iba/sfl. 
ft., — of water 
in c. ft.. h=friotjoii 
Ifoad lost in ft. 

Flow in pi(>ea is retardeil due to tlie tolhnwing cau^'' 
which is token as *'head lost” :— 

djeneml Formulae : ■ r *->.n 

(o) Friction in yn(»es : Aim amt of internal frirtso 
-wmsumed by water pa'^sing tlironyh It 
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W Ii= 


4fLV= 

d2g 


of head in ft,, L h length ofiuijeliiie hi ft. ; 
^ of pipe in ft. j \ js. veJority in. ft, tM?r j-ectnibd ; e is 

■'^rceleration due to grHvit3'^:i2.2 ft^/ser.-. 

f “0,005^ J for new imn pijjes 

— J -h I for old iron pi|K«t 

n 

f=iO.000iJ24 for neir casrt iron niiieifi, 

— 0.000988 for old ea.st iron jdpes. 

(^iss of head in old pi|>eg Is three timei that in new 

plpCT^j 

fjj J » innltijdierl hy of p[|ie iFr[®/4 giYect 

disclmqfe in i iwccs=f'-^ - 

y L J 

irv™ f =44 for new cast imn piiw.^, 2r» for ohl east 

a^nit uitphak pipes, 44 fi.ir ohl 

fur riveted pipes, and 43 for <^rneiit liniNi 

(^) £iit ranee losses i 

fli- a ^ ft ter flows into u |ji|>o from an ojH^n reservoir 

thn there ii3 a loea of head proportional tn 

vppi' m the pipe. In long pipes this loss nf hoivl is 

^pr\ sniiiil and may lie negJeeted. 

li^cV“/2g 

Approj;^ Values of a : 

End of pipe flush with reservoir wall.,... . .....O.iiO 

Pipe proieeting into reservoir, .. .0.25 

BelUmouth entmnoe, average.. 
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(c) Sudficn oninrgcment or ex|mns)on : 

(-iys 


or 


(V,-V,)‘ 


2g 


If the cul«rge<l section is very largo, ha when ft j»ii»o w 
joineil to a tank or reservoir, 
loss—V,*/2p. 

(d) Sudden contraction ; 


c\V 

2g 


A* 

0 varies with the ratio 


Values of c (Weisbach) 


AJA, I WO I , 71.46 ,_6^! 6:«5 1 fl.76 i_W |>95" 

*" "(1.362 0.338' 0~308 0^76! 0.22lf d'i64t q.iqs 0.0S3' 0X)I5_ 


For practical purposes this losa ia taken*= - j 

tlus may be taken as the immediate loss of hea<I experienc¬ 
ed as water flows from a re.ser>"oir into a pipe in which it 
attains a velocity V,. 

With a rea.sonablv-Bounded entrance, the loss may be 
1 * V • 

rwluce<l to about .Ta 

20 2g • 

(c) Due to obstnictions : (TliU is applied in certain instru¬ 
ments in measuring flow of water). 

i 4 • Vi* c is a co'CflBcient of contrac- 

c(A,-»)| tion,mayhet«ken=0.66. 

(/) Due to bends am! elbows : 


h= 


k_Vj* 

2g 


k is a co-efficient. 


(See under “Water Supply.*’) 
a here : 

A|"Cro8s-8octioDal area of initial pipe or reser> oir, 
A,=ditto. final pipe or reservoir, 

initial velocity, Vgs^final velocity, 
as= cross .sectional area of the obstniction. 
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For long pipes the head lost due to frictional resist¬ 
ance is only taken into consideration for all practical pur- 
A pipe is considered long ^hen its length exceeds 
100 diameters : 


V=c\/(2gH)= DU./section of pipe 
The Pitot tube is often the mast convenient means of 
measuring flow in pipe lines, especially those of largo dia¬ 
meters, and in other forms of conduits and channels. In 
making gaugings in a pipe, it is usual to measure the centre 
'elocity and to calculate the disclvarge by multiplying 
this vHwity by a co-cflScient. The best form of Pitot tube 
IS the Pitometer and has two oriflees winch are set to point 
wiwtream and <lownstream. These two oriflees are svmme. 
tneal and cun bo reversal to check accuracy. (Also see 
under “Irrigation”) ‘ 

!■ unctions of Flow in a Circular Pipe Running Partly Full 


Depth 

Area 

Froportional 

of (tow 

(xdt) 

V' 

Q 

O.US 

0.0147 

0.257 

0.005' 

o.io 

00409 

0.401 

0021 

0.15 

0.0739 

0.517 

0.049 

0.20 

0.1118 

0615 

0.088 

0.25 

0.1535 

0.701 

0.137 

0.30 

0 1962 

0.776 

0.196 

0,35 

0.2450 

0.843 

0 263 

0.40 

0 2934 

0,902 

0.337 

0.45 

0.3428 

0554 

0.417 

0.50 

0.3927 

1.000 

0.500 


Depth 
of now 

• 

Area 

J^rop«xnaiia j 

(xd*) 

1 

'' 1 

1 

0.55 

0.4426 

' 1.034 1 

0.586 

0.60 

0.4920 

1.072 1 

0.672 

0 65 

0.5404 

1.099 

0.756 

0.70 

0.^872 

1.120 , 

0.837 

0.75 

0 6318 

1.134 1 

0.912 

080 

0 6736 

1.140 

1 0.977 

0.85 

0 71151 

I 1.137 

1 1.030 

0.90 

0*74451 

1.124 

1.066 

0.95 

0*77071 

' 14)95 i 

1.075 

1.00 

0-7854 

I.OOO • 

1.000 


To obUin area of pipe of diameter d» multiply factor 
<^luniii by d*. Maximum discharge in a circular 

wetted perimeter subtends an angle 
' l^-deg. Ill the centre. 


liA«/i Gradient is the line joining the pressure 

enH with the pressure heail at the 

head due to friction in pipes. In 
to \rl ^ drawn through a scries of |H>intH 

uich water would rise in luexometer tubes attache<i to 
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A pipe tlirough which water Howd. With a gtraight 
pipe of uniform cross section the Hydraulic Oradc Unc is a. 
straight line extcnfling from the reservoir \wter lovel to 
the end of the pijie ; the pressure for any point in the pipo 
being eiiuivalcnt to the heatl represented by vortical aw* 
tance fn»m that point to the HytlrauUc Grade line. In an 
open chamiel, the Hydraulic Grade line is the water Mr- 
face. The entire pipe line should bo laid below the 
flraulic Grade line, if possible, to ensure full flow. It is a > 
called Virtual Slope. (Also see under “Irrigation. ). 


Discharge through Siphons (Aqueducts) . 


H“(>+f.+f.RX 


where : 

H-fall or loss of hca<l through siphon in ft. ; is the* 
difference of water levels upstream and downstream^ 

L=length of barrel and entrance in ft., 

It S3 hydraulic mean radius of the barrel in ft., 

V^mcan velocity through the barrel in ft./sec., 
f. = co-efficient which pronilc for the loss of head on 
entry ; 0.08 for bell mounte<l siphons, 0.505 for cylindn- 
cal wphons with imshape<l mouth of the same scctiona 


area, 

f-a» co-efficient w hich provides for the loss of head due to 
friction in the barrel and csa(l—b/R). The^values o 
•*tt” and **b’* are taken as follows * 

Typc*ononer Surface of 

Smooth iron pipe 
Encrusted iron pipe 


Smooth cement plaster 
Ashlar or brickwork ... 
Rubble masonry or stone 



a 

0.00497 

0.00996 

0.00316 

0.00401 

0.00507 



IjK'ey’s formula 
H 1.08-l-0.008LU-* **y'^ . 

Generally the velocity of approach is negle<^-ted. 








HVDR.VUUCS 




Time for Emptyinc Tmnks : (AI»> net* “\Vat«>r 
Supply.") 

, ’A C i n 

T- -f =X H, —H, >. 

<-«V 2 e ' ’j 


If the tank is com* 
pieteh' cmi»tie<l ffj vrill 
he*sO. 


T=timc ill seconds, 

H| = headat l>egimiing, ft. 
Hj=heiid at end, ft. 
.\=cn>8.s sectional area of 
tank in 8C|. ins, 
n=area of orifict', in sq. ina^ 
I'lsco.C'ffioient as befon* 
= .62 for steel tanks, 
thin plates ; .!»2 for 
holl-mouth. 

In aiw of IleMisphfrical VewU 

«(»■'’- w«‘'0] 

}k=rHdius of the vessel. 

(Time is double that which would be required to dis. 
charge the sanu^ volume under a constant head H, '. 

When completely emptier!) 

T, ... , U-u‘/i 

T will Ik-= 

l.T ca v2g 

Time of flow from one vessel into another : 

-\,t=nrea of the ves-sel from* 
which water Hows to the 
other vessel of area Af, 

a=area of orifiif. 


2 A,(h,-hO 

If laith the ves-'ii*l> have 
the same .anvi ; 

A,(h!-h;) 

ca\/2j» irj=<lifFer<*nce at the enil. 

Time of emptying and filling a Canal Lock : 

cay/2i; 

H^flifTereini* in level between the hea<l Uay and the 
^il bay, a Karen of orifiee, A—area of horiwuital 
* ros8.vi«*etion <Af lock, e=co-efticient ofdisehaive. 


difference of head l>et • 
ween the two vi'ssels at 
the lM>ginning, 
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Time of Emptying Reservoir with Rectmngnlar Weir : 
£azin formula : 

|A=3area of reservoir in plan. 
'iA / I \ B ■» width of weir, 

"mV^>7VVH, ""VHrJH, & H,=hcight« above the 

level of the sill. 

(water falling from height H] 

I to height 
in is oO'cfiBoient and H i^ 
mean of H| and H,. 

Nozzles : (Alw see “Water Supply”) 

Ratio of area of nozzle to area of i —• 

supply pipe for max. transmiasion of J. , 


jn=0.40.'i + 


.00084 

H 


power: 


A /8f< 
A' 


•or 


m 

A' 


V* 

-yi 


•or v: 


If the jet were projected ver¬ 
tically npwa^s the height 
the water would reach 


H 


2g 


1+c 


m) 


Allowing for air resistance, the actual height of jet 
would beash (l—O.OOS h*). 
where : 

Hs pressure head at base of nozzle, 

.r^O 00."» for new smooth pipes, 

O.Ol for old encnisteii pipes, 

0,0028 for a vamisherl surface, 
d=dia. of nozzle end, d,=dia. of pipe, L**length of pip®* 

As area of the cross section 
marked A, 
ni=-<litto. marked a', 
Koro-effioient which maybe 
token from 0.95 to 0.99 
for smooth conical noz¬ 
zle (pipe adjutage 13®— 
24'.). 

I. = length of nozzle pipe. 


Itale of flow thro, 
nozzle : _ 

Q-=.KAV2g(H-h) 

Deduct loss line 
*fi friction in pipe **»*.. 

4 f L V* , 

•“ 1 .» = h 

d 2g 
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Hate fli Discharge from Fire Hyilrantj: 
(Also see Water Supply") 


<?= 34.5 dVp 


Q=discharge in galls./minute, 
d=intcmal dia. of liydmnt 
nozzle ill inches^ 
p=pres9iLro in Ibs./sq. in. 


3. GLOSSARY OF TERMS 

A^ii^uct : Is a general tena for a ehaimel convejiqg 
water; may ^ a caml, pipe or tunnel. An artifici^ 
channel in which water Gows with "free” surface, con* 
tructed across a valley, canal, river, drain, road or railway, 
may be below or above the gmuod leveL (Also see under 
"Irrigation' '.) 

Condirft: A general term including eanab^ ditehea, 
flumes, pipes, or any other mean^ or devices for the con* 
ve3'aiice of water or liquids, gases or even aHres, 

End Contntction t Centraction caused in the ends of 
Mowing Water hy the ends of weir notch. 

Enerffy : la the capacity to perform work. In a 
stream or pipe the total energy at any section is the sum 
uf its potentia] and kinotkr energies. A'tnefic energy is due 
to motion and Potential energy is due to poaitiou of the 
lUBas of the water. 

Entrgy Qrtiditnt ; The slope of the energy line with 
feiercnce to any plane. 

Energy fJtad: The elevation of the hydraulic gradle 
me at any section plug the head dtio to the velocity of the 
Water in that section. 

•En^gy Line : A line Joining the elevations of the 
eiittgy heads of a stream, ITie energy line ig above the 
Hne by a distant^ equivalent to the ^nelo- 
^ y ^ada at all sections along the stream. 

Entrance Loes i The head or energy lost due to eddLea 
nd fnckion at the inlet to a conduit or pipe, 

PhtoIAjiA : (L) The hydranhc grade linOn (ii) A 
Damt or pipe laid on the hydraulic gradient. 

. Eioio : A condition of flow through or over a 

fticture not affected by submergeuce. 
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Frte OverfoU, of Fne Fall Wtir : A weir diAt ia not 
submerged, that ia, m which the tail water ia below the 
crest Or the flow is in no way afTeoted by the elevation oi 
the tail water. 

Jres Surface : The surface of a fluid unrestrained 
by a rigid bound^p particularly the ejcpoeed surface of 
water in an open channel or tank, 

Frklioa Read (or Ijoss) : The head or the energy lost 
as a result cf friction between the moving streaoi of 
and its containing conduit or pip^i Friction head de^wnM 
upon the length, perimeterj. gradient and material of the 

inside surface of the pipe. 

Head : The height of w-atw above wy pomt or plane 
of reference ; the actual or potential difference betwwn 

any two pointa. . i i t 

Ht/d^ulics treats of liquids in motion, particularly oi 

the flow of water through orifices, pipes, chaimelsj i 
Ilydroetaike treats essentially of the pressu^ cierted 
on surfaces by Uqmdfi at rest, and eapecially of the pre»' 
BIlX^ of WftteTa * 

Rydrodifiiamice deals with the for<^ of energy acting 
on or exerted by liquids {pressure, kinetic and potential). 

flydrvlogyt The science treating of the watera oi 
the earth in their various formei, their occurrence, distn- 
bufcicn, movemente, etc., often reatrictod to^ undergro^ 
waters in diatinotion to hydnj^aphy as relating to aurtaoe 


Kjglroniefry . The measurement and analysis of the 

flow of water. . 

Rydrograph : Graph {or curve) showing the stage, 
flow, veloeitv, etc,, of water, with respect of time. 

//ydrograpAy : Water surveys. The scienre of 
ing, recording and analysing rainfall, flow of water, pre 
cipitation. evaporation and analogous phenomena, 
jlfanometer ; A tube containing a hquid 
of which moves proportionsJ to the changes of pneasu » 
a U tube type of differential pressure indicator i a pressure 

: A sheet or curtain of water over-flowing o 
weir, dam. etc. The nappe has an upper and a lower aur^ 
face j (ii) Btream discharging over a cneat. 
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/^e^tw*e!te^: An mstrnment fof inc«4Uriiuc pre^re 
iwualiy conHHting of a smai] pipe Upped into the 
JKto 01 a conduit and ffuBh with tbo inside, oonnected aith 
Ue pwore gauge, nwtetiiyj 'aater coiomn or other device 
(Or indicating preasnre bod. 

IW« «p««d i.. oniM of v«ti. 

w^r : A mEssBring weir eonstyting of 
flo^ metaJ pJaU fined vertically, over which the w^tei 

- nf 'u^t. ‘ 

Toil : -Hse water immediately downetream of a 
or any such Btructuie. 

amtdcaf /fctr ; A flow of a btmid in a state of 
■fl?t*tion, iinrteady motjonJ as die- 

“trucSe.^ * upward w ater pressure on the bare of a 

ly immediate- 

^ ^ conduit or an orifice. 

-lo.mtlSS' % fSS^rto.^ iniBodiiWy 

of a ; The most contracted sectional area 

«> orifWn? or through 

throncli be^nd the plane of such weir or oitifice 

circnlar^^ * contracU for a 

^J^i«^nf 2 oe IB a^ut one-half the dia. of the opening 
V , . of the orifjw. 

‘ iucreasB of veknity with 

to diBt^ce normal to the direction of flow 

?»^y '.'***^ T** 

***• to^i^ gravity to acquire the velocity it 
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Vtnturi Titbt : A dosed [»pe which b grado&ltj con¬ 
tracted to n throat causing a r^ucUon of pressure head by 
which velocity through the throat may be determined^ 
The contraction ia generally followed, but not necessarily 
so, by gradual enbrgemcnt to the original size. Piezo¬ 
meter eoiinected to the pipe above the contracting section 
and at the throat indicates the drop in the pressure head 
which is an index of flow. 

Venturi MHet : A proprietory measuring device con* 
sistiiig of a venturi tube and a flow registering devioe. 

Vinturi : A type of open flume with a con* 

tiacted throat in which the velocity in the throat is less 
than the critical velocity, used for measuring How. 

IForiiinj^ Head \ The difference hetwoeii supply and 
delivery water-levels (between the upper and lower 
channels when water is delivered through an outlet). 

[More terms will be found under ^TiTigation'',) 


H 


H 


H 

VH 

H 

VH 

0.1 

0.30 

l.l 

1.05 

2.1 

t.45 

3.1 

1,70 

o.s 

O.iS 

I.S 

l.LO 

2.2 

1.40 

3,2 

1.70 

0.3 

OjSO 

l,$ 

1.14 

2,3 

1.92 

3.3 

L32 

O.i 

0.03 

L4 

L1$ 

2.4 

1.55 

3.4 

1.84 

0.0 

0.11 

1.6 

1.23 

2.6 

1.58 

3.6 

1.87 

0.0 

0.77 

i.e 

1.26 

2.6 

1.61 

3.6 

LOO 

0i7 

0.84 

1.7 

1.30 

2.7 

1.64 

3.7 

1.02 

OlS 

0.80 

1.8 

1.84 

2.8 

1.67 

3.3 

1.06 

0.0 

0.05 

1.0 

1.38 

2.0 

1.70 

3.0 

1.07 

1.0 

1.00 

2.0 

Ml 

3.0 

1.73 

4.0 

2.00 





















SECTION 15 


WATER SUPRLT 

(PurificAtion^ Distribution & Pumping) 


1. Urmtiiig Wfttor Qualities „ ,, 15/3 

ImptiTitiee in Water j Potable* Contaminated 
and Polluted Waters ; Simf^e Tests for Detect* 
ing Dangerous Matters in Water ; Desctiption 
of Common LnpaTities* tbeir Effeeta a nd 
Bemedial Measures ; Plants and living Orga¬ 
nisms, Algaa ; Iron ; Colour, Odour and Taste; 
Alkalinity and Addity i Hard and Soft Waters; 
Water Softening \ Eeolite or Ease Exchange 
Prooess. 

2 . Watw PudCcation and Treatment ,, 15/11 

Storage ; SettUng Basms, Sedimentation 
Tanks ; Coagulatioa i StorilizatSon ; Odonna> 
tion -f Colour and Taste Kemoval; Aeration i 
FiltrationHbw-sand Filters ; Bapd-aaiKl 
Filters ; Preasure and Gravity Mters. 

3. Storage of Water ,, „ „ 15/22 

Pure Water Storage and Service Reeervoire ; 
Domestic Storage Tanks; Elevated Tanks; 
Pressure Equalizing Beeorvoire ; Ciatonis. 

4- Distribution of Water. * 15/35 

(^nsumption or Denumd of Water for Domes- 
tio and Public Purposes ; Leakage and Wast¬ 
age of Water and its Preventive Methods ; 
Different Methods of Distribution ; Boosting 
Water; Qravi^ and Pressure Diatribtition 
by Storage Tanks ; Dcdgn of Mains ; Supply 
Preesures at Different Points and Taps; Eoo* 
nomical Velodtiee in Mains aitd Dtstribu* 
tion Pipes; Laying and Jointing Cast Iron 
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Water A{ain3 ; DifTereat Typet qT Joints; 

Service Connections from ■ House— 

Service Design ; fittings i -flie H.yilrsjitB j^rt d 
Stand Pipes ; Design of Diafaributiaii System 
— Design Tables j Loeaes of Pressure in a 
Distribution Sjrst^. 

Intecrnittant and Constant Systems of Supply^ 

5. Pipes of Different Metals .. .15/60 

Choice of Materiais for Piping ; Oast'Iron, 

Steel. Wrought Iron, Galvanised, Lead, Copper, 
Cement Concrete and Asbestos ihpes. 

6. Valves, Meters and Taps ..15/70 

7. Pumping Water ; Suction and Deliveiy Pipes *. 15/33 

S. Water Pumps „ ,, . .15/86 

Types of Pumps ; Pumps used in Variotia 
Classes of Water*Works and Engineering Ser¬ 
vices j power for Working Pumps—St«im, 

Diesel, Gasoline, Electric j Efficiency Teats of 
Pumps ; Foe] Required for Plants. 

Centrifugal ; Turbine ; Reciprocating ; Rotary; 
Pulsometer ; Hydraulic Ram; AirllR; Boie- 
hole and other types of pumps, ' 

9. EasentlalflforDeslgnofPnmpingSUtioiw ,.16/96 

10. Ground Waters and Welle .. 15/97 

Water Divining; Water Bearing Strata; 
Measurements of the Velocity of flow of 
Orounds Waters; Diseharge from WeUa: 

Tests for Yield of a Well. 

Construction of Tabo*wells—&bthods of 

Boring; Strainers; Honee-hold Tabe-wells ; 

Open Wells; Curbs ; SteeiuiiM; Well T.iTiinpn j 
Cavity Welle. 

11. Preparation of Ptojeot Estimates for Water 

Supply Schemes.. _ _ 15/122 


1, DEINKINQ WATER QUALITIES 


IropuHtles Id Water. It ia almo&t tmpoasibt# to find 
aa abwlDtely pare water ia nature Ir«B danger for 
hauian conaumptinn. Water beiis^ a uiuversal solvent it 
readUj dutaolvea and collects all kinds of imparities: gaa^, 
liquids, solids and carries with, it even insoluble matter and 
disease producing bacteria, while falling as rain or flowing 
through the ground. Impunties are broadly classified into 
organic and iuorganic impurities, and which may be dis^ 
solved, suspended or coHoida]„ Organic impurities are 
derived from decomposition of plants and animals, eon- 
tamination by sewage and manvibetuHng wastes, which 
make the water unfit for human consumption without 
purification. Inorganic impurities are soils, mineral salts 
and disBolved metals etc. All these impurities give 
colour, odouTj taste and turbidity to the water and pio- 
duce various kinds of diseases in the human bqdy^ 

Frequently, w'ater ia treated not only to improve its 
quality from aesthetic and sanitary point- of view, but to 
reduce its corrosive or scaling qualities which woold affect 
the life and carrying capacity of the water pipes. Except 
in B few special casw all surface supplies need to be filter^ 
and suppUra from large rivers require rather moire elabo¬ 
rate treatment, nttratiou is often unneceasary in the 
case of underground waten which arc usuaUy hard and 
are frequently softened \ sofl upland waters are hardened. 
As a final process water has to bo sterilized* 

A water for drinking should be dear and sparkling, 
colourless, odourless, pleasant to the taato and free from 
harmful bacteria. Standards of purity and quality of 
drinking waters are laid down by various Public Health 
authorities. The suitability of a water for any particular 
purpose can Iw detormined only after a complete chemical 
and bacteriological examinatiou, and on investigation of 
the source of origin of supply, Interprctatiou of results 
and standards of purity vary with the nature and source 
of supply and a laboratory eiaminstion of a single samplE 
of water does not give a coeiclurive result. 
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A jJotoWe water is one that is safe to drink, pleassJit 
te the taste and usable for domestic purposed. A con.* 
faminaled water is one that contains the bacteria which 
cause diseased. A pcUuted water is one that contains suh- 
stances which arc undesirable or unfit for drinking or 
domestic ose. 

Simple Tests tor Detecting Dangerous Uatters in Watar 

PreMrtce of S^ioage ; Four drops of a solutiou of per¬ 
manganate of pwtash (Condy^'s FJuifl} to a email glass of 
water. colour turns pale or yellow if decomposed 

organic matter is present. 

Presttux of Lead : Sis drops of sulphuric acid in a small 
glass of water. WTiite precipitate will be formed if lead is 
present. 

Pnsence of Zinc i Six drops of ferro^cyanide of potas¬ 
sium to a small glass of w'ater will turn it green if zinc is 
present. 

Presence of Ct^per : Fight drops of ammonia in a small 
glass of water will turn it blue If copper is present. 

Description of Common Impurities In Wateii Their EttecU 
and RemedlaJ JHeostires 
Plants and imalt living organisms 

Algae are small weeds like plants w'hich grow' in water 
exposed to sun’s raj.'s and cause turbidity and colour (brown 
or green) and give taste (amdJtyJ to the water. They 
often grow go densely that they clog filters. Algae growth 
in small reservoirs can be oontroUed by roofing the reser¬ 
voirs in order toexclqde sunlight. Taste, colour, and odour 
can be removed by aeration and activated carbon treat¬ 
ment. In lai^e areas, copper sulphate or chlorine is used 
to kill algae. A doee of 6 lbs. per uiilHon gallons of copper 
sulphate should first be given, if not successful, after 2 
or 3 days the dose may be increased with a maximum of 
up to 20 lbs. per million gallons which is enough to kill 
aU plant life, A dose of about 1 to 1^ Ibs./m.g. and above 
Idlis fish. Chlorine is useftd for flowing water! dose is 
fitim 0.2 p.p.m. to 1.5 p.p.m. which will kUi: f ifth as we!!, 
Treatment ja given pnor to filtration. (This has also been 
dealt with in Sectioa 17 under “Weed Growth”). 
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ar? plants thiftt grow in abwnoe of atmligbt m 
water niaiiiB. They can be controUoti by treatment of the 
water with chlorine Oir copper eulphate. 

Iron is often found in all ground waters in very mmote 
traces which is dissolved from the earth s cniHt'. Iron m 
water may also result ftom corroaion of the cost iron water 
mains. Iron in very small amounts (about 0.3 p.p.m, and 
above)will cause unpleasant taste and reddening of t he water 
which may cause discolouration of clothes washed and 
incrustatiDn in water mains and plumping fixtures. Iro^ 
also stains white glazed sanitary warea. Ptesenoe of i^n 
encourages formation of inerustationB in wat^ mains 
which decrease thmr capacity, Certam 
containing iron are detrimental to those with mgn blow 
pressure. Iron can bo removed by “aeration” of the 
water and also with treatment tbiough pressure fdtera 
and lime softening process. . 

Iron is often asaodated with mangle** found m 
ground waters^ wbicfa has almost the same effects as iron 
and prodoces darker stains- 

Lcad is a cnmulativc poison and regular con- 
Bnmption of water with over about 0.3 to 0,5 p.p.ra. of 1^“ 
by wetoht may result in lead poisoiiing. Under 0+ 
p,p,m, is considered safe. The watera likely to ™ko up 
lead ore soft or acidic, rain-waters and swamp or moorJan 
waters. Lead is also dissolved from lead service 
storage tanks painted with lead See under Lead 

Hpes.” 

Goiter is caused by the deficiency of iodine in 
ftatcf, particnlaxly fit>in oertain underground auppU^ 
derived from limestone regions i some amount of lo^c m 
water is essential and la ^ded artificially where goiter is 
endemic* 

Mottled Enamel. Waters containing flourides in amounts 
greater than about i.5 p.p.m. cause mottling or stain^ 
of teeth of growing children, but an amount to than 
0.5 to 1.0 p.p.m, is detrimental to good teeth development. 

Turbidity in water is due to the presenw of fj^U? 
divided parliclea of clay, silt, and organic matter (living 
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w dea^ pknta or other oi^iams). Turbidity is Mmoved 
by eedjRientAtioii, with or without coaguUtion, and fU- 
itation. 

Colour in water is duo to coUoido] oivanic mattor and! 
tusBolved matoxiel resulting from deDomposed vegetation, 
m«igane» or other mineral matter. A yeUowish 
Ito^ng water m not necessarily impore neither a clear 
t>ngtit apathling water necessarily pure. 

Odour ^<1 Taste are chiefly due to decomposing or- 
gamc matter {decaying plants), mineral aalte, iron oxide 
ana manganese. 

^(Jolo^ and Removal. Colour is removod to a 
extent by filtration preceded by coagulation with 
»«^nieatatioii. Filtration through 

iMval than through alow-sand filters. Eaewa chlorine 
treatment also reraovea coIootc 

a ft™ is put into 

and tasting water, much of the colour, 
imrsTvt ^ will be absorbed and ite quality greatly 

in ™>^™ntra,ted solution of charcoal is made 

“ fed into the water to be treated. If this 
fiettlincF gi™ before sedimentation, it improves 
EM So of Mnpuritifia in the tanks. Usual dose is 

lUMvi 15 also passed through the charcoal 

^ 5s a filter as described later under “Activated Char- 

Acidity^ Alkuiinity is duo to the pre- 
hnriAfcu. 111 water which cause hardness (car- 

nesiiimV of caJdum, sodium and mag- 

■^“dity a eaused by the decompoaition of ve- 
^ttor. I^atuial waters are seldom neutral and 
mtw waters are more or less alkaUne because the alkaline 
* . ^ ^mmon in the ground. All salts will cause 
u present m auffident amounte. Saline wateia with 
M^ty ^re than 15 parte in fly* are unfit for drinking and 
sahnity more than 00 parts in 10^ are unfit for Siga- 

Aeidity or alkalinity of water or other liquids ie mefik- 
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AQred in “pH” value. The pH scale runs from 0 to 14 with 
7 as the point of abeolute nentrtJity ; distilled water which 
is lueutml haft a pH vahie of 7. Water with pH value 
from 0 to 7 is acidJo and that with pH valoe of 7 to 14 
alkaline. A li<|uid with pH value of 9 ia ten times mom 
alkaline than a liquid with a pH value of S as the scale is 
logarithmic^ and a liquid with pH valne of 5 has 1/lOth 
the acidity of one with pH value of 4- Moat natural freah 
waters have a pH value between 5.5 and 8^0. Some moor¬ 
land waters may^ howevoTf have a value ^om 3.9 to 5.5. 
The value for lea water is usually between 8,0 and 8.3. 
Hie test is made by comparing the colour of the water, 
after phenolphthalein or other regent has been added, 
with a standard chart-, 

pH value should be ss close to 7.0 as economically 
feasible. Waters with pH between 7.4 and 8.4 are prae- 
tieaDy inactive. (pH value of strong eaustic soda is 
about 13 and that of concentrated sulphuric add between 
0 and 1). Water* below 7,0 {add waters) a« oorroaive 
and cause tubercnlation. Waters above 7.0 cause in- 
cmstiatioa of jup(». 

The detenuination of pH value providefl information 
eouceming th** corrosive character of water. Waters 
with pH value of below 7 can be improved by the addition 
of a tqnall amount of soda aah or lime before admittance 
to the mains. Alkalinity is also ddlermtned for the opera- 
Hon of water treatment plants as small alkaliiuty^helpe 
in the coagulation ftud Bcdimeatation., some alkalinity in 
water is rather essential for proper reaction while 
dve alkalinity may interfei® with the reaction. A^ali- 
nity ftlftn makes water testefhl. but escessively acidic or 
jilhwlmw waters are uufit for drinking and should be avoided. 

Salts of calcium and magnesiiim which are 
dissolved in water during ita passage through the 
ground cause in water. Hard waters are generally 

alkaline. Carbonates cause (emporarjf hotdTHM or car. 
bonatt kttrdntstf which in the presence of carbon dioiido 
in water form bicarbonates. The term "temporary hard- 
neaa is someHmee called “ alk al in ity”. 
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Temporary hardness can generally be romovsd by boOiqg 
the water when the insoluble carbonates settle &b pcedptUtee 
flt the bottom. P'ertwtittTit or non-eatboMtite AardkcM 
is caused by aulphatea, njlrabes oud or chloridea of 
and magnesiutu and which are not removed by boilings 
These ^te ^ very corrosira to Htoam bt^re and 
scales in boilers and also in diatributioa Byatom. Hard* 
waters produce mtestinal troubles and take mon fuel and 
time to cook, there is loss of tendemeea and palatibility 
of vegetables and meat cooked m it, Eaeh degree of hard¬ 
ness d^troys 2.5 oz. of atandaid soap in eadi 100 gaUgoa 
of water naod for waabing , thus resulting in waste oiawp. 
Waters with hardness of over 100 to 150 p.p.m. when vrd 
for laundries and boilers usually require eofteumg. 

Hardness has no Limit Over drinking water hat 5 to 0 
degrees of hardness is considered best. Permiffiible Hmit 
of hardness for domestio use is 15 degroK with 30 degrees 
maximum {taken on Clark’s scale) for human consump¬ 
tion. Water is eonsklered to be hard for diinkii^ when it 
^ntains more than 7 grains of dissolved miniiral rniattef 
in a gallon of water, 

T^ere are two Bystems of eipreefidng ^^degree of bald¬ 
ness." 1 grain of hardening salt disaolved in I g^lkm 
(70,000 grains) of water is taken as 1 degree nf hnrdnifVii cm 
^rfc's (English) scale. The Meteic (French) atamW 
refem to 1 part by weight of salt* in 100,000 pa^ of water 
and IS 7/10 timeBtho Clarkes system. In otber words, 1 grain 
of Balt in 1 gallon of water is 1 .degree in kardneas on Ctarh’a 
flcftle and If degrees in hardne^ on Metric 

Mcderately hard waters are more palatable tbow of 

^e softer quality as reft waters are "Tlat” and 
(can bo improved by the sdditkm of a little common 
Bait). Sojt loaterji have comreve actioa On ari w te lfl ; d» 
^Ive lofld (from lead pipes) and beeome dangiwoiis to health. 
Pure and very soft watocs corrode iron anri produce tuber- 
culation in ewt iron pipes. But a permanently hard water 
should be rejected for the supply of a town. Water from 
wells, jocularly deep wells, has direolved salts, aod 0 
generally hard. Water from a reoervoir, lake nr r i ver 
(except the one which flofwa through hills having soluble 
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ir>R f>.ni ft aalta) does not.contajn dhsolvod salts and is nstialily 
Boft^ 

Simple Testi for Dsteetlng Hard Waters : 

(i) J^ntling La a kettle will Leave white deposits at the 
bottom. Some hard waters will go milky with white 
□latter floatiiig. 

(ii) Additioa of a little of powered sodium carbonate 
(washing aodah will form precipitates and make the water 
milky. 

(*ii) Put eome grated soap and warm the water, in 
hard water it will form scum and not lather. Wash a bit 
of cloth in this water, riuse it and then leave it to dry* 
tiic cloth will dry hard. 

CVinipArativc figures of hardness for different waters are 
obtained by finding the amonnt of standard soap soLution 
required to produce a permanent lather. 


Hardness Table 



1 


n 

p.p.n. Degree of Ilardness 

p.p.min 

Degree o/ Hard new 

15 

Extremely soft 

andcr 50 

Very soft 

30 

Very soft 

50 to 100 

Soft 

45 

Son 



90 

Moderately soft 



110 

Moderately hard 

100 to 150 

Xcutral 

130 

Uanl 



170 

Very hard 

150 to ^ 

Rather hard 

230 

Ex^ssively hard 

300 to 300 

Hard 

250 

Too hard for use 

Over 300 

Very hard 


1 p.p-iP- ^ 10 Iba. per million gaUona. 

1 grain per gallon 14.3 p.p.m. = 1.43 parts per 100,000 
1 Ib^ = 7000 grains. 

(p.p.in. ia parta per million by weight. To change 
the result into grains per Imperial gallon, divide by 14.3, 
and to change into U.S. galloitSr divide by 17.1). 

water containa from 3 to 4 per cent by weight 
of saH, t_e_, about 5 or. to the i^llon. The saturation point 
ia reached when 35 oz, to the gallon are present. Further 
oonoentzalionB cause salt to bo deposited. 
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Water SoftenEoe 

Watery which are esflesaively hard are often eoftened 
before distributlou. Water soflteriiiim is usually effected 
either by lime, with or without the nddition of eoda, or 
the baao-exchungc (teolite) process. 

The temporary hardness due to solable bicarbonates 
can in large meamire be remoTed by treatment with the 
necessary quantity of hydrated or slaked lime {calcium 
hydroxide) and subsequent scdinientatioD and flltratioii. 
Generally an over dose of lime i» used which is later on 
neutrahied with carbon dioxide. Lime softening ia not 
recommendwl for waters of high permaneDt hardneae. 
Permanent hardness due to sulphates or chlorides cam be 
removed by qaustic soda or aoda-ash (eodittm carbonate). 
Almost complete softening can therrfore, be achieved, 
where water contains both carbonate and non-carbonate 
hardness^ by the Ume-soda laoceaa; the chemical changes 
that take place, the lime removes the temporary and the 
eoda the permanent hardnefis. Quantity of atRkpd Hzne 
usually employed is 1 oz. per 100 gallons for erery degree 
of hardnesB present. The amount of lime muat be care¬ 
fully regulat^ as an excess of free lime would render the 
water ajkalinfi+ The lime and soda may be used either in 
solution or dry* A oontinuons feed is preferred to an in¬ 
termittent and a thorough agitation and anfficient contact 
must be provided to prevent stratification. Umi treated 
water muat be allowed to remain in the tank long enough 
for the precipitate to settle down completely. 

Lime-soflteDed water ia not stable and is likely to cause 
deposits of calcium carbonate in pipes and on tbe bbjhI 
grains of filters. To correct this the water ia re-carbonated^ 
generally by the application of carbon dioxide gas. In 
certain casee a dose of alum b added in the settling tank. 

ZaoUta or Base Exchange Process 

The base-exchange process ia suitable for waters of 
any temporary or permanent hardness, and b a very con¬ 
venient method, eWy operated. A zeolite softener ia a 
mechanical plant — a dosed dteel cylinder. The filters are 
dthcr of the rapid gravity type or the preasure type, more 
usuaDy the latter* Zeohto softeners remove hundred per 
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cent of the haxdnieaa in water^ and for grcimd water? they 
often form the only treatment prooeae. The j:ealite uaed 
u an artificially prepared hydrated alumma-Hilicate in 
granular form. When hard water ia passed through it 
the caldcun and magneetum s&lta are replaced by corres¬ 
ponding salts of sodium with the reault that water is oom* 
pletely softened. When zeolite ceases to be effective, it 
should bo flushed with brine solution and the calcium 
choride formed should be washed out. 

The leoUte prooees is not suitable for acidie watem and 
waters eontajning iron or manganese, or turbid waters or 
waters with much temporary hardness for which pre- 
treatment is necessary. A ^tter method is to do the 
softening first with the lime and soda process and then 
pass the water through a zeolite eoftener to remove the 
residual hardness. 

As zero hardness waters are unsuitable for distribution, 
it is customary to Soften by base exebange methods only a 
part of the total flow and thereafter to obtain the degree 
of hsjdness desired by admixture with non-soffcened water. 
Initial softening, to which the whole flow is subjected, 
is provided by the addition of lime pnor to the sedimenta¬ 
tion baeins, after which the whole of the flow is passed 
through rapid sand filters and then part of the flow through 
zeolite filtera. 

For removal of temporary hardness, the lime process 
ia Usually the cheapest method, bat it requires more atten¬ 
dance than a base-exchange plant, with water containing 
much permanent hardnees the addition of soda increases 
tie cost. The lime process, with or without soda, is 
generally effective with waters confaming iron or manga¬ 
nese, without pre-treatment, and the softened water is 
alw'ays alkaline and non-oonwive. 

2. WATEB PURIFICATION & TREA'HtEKT 

It haa been stated earlier that water found in nature is 
aeldoiD, if ever, absolutely pure and ftee from danger for 
human consumptioQ and most waters require treatment 
fur the removal of germs of diseases, solid impuntiafl^ 
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t-patj^, odQur, colour, iroa and tnincral Halts, etc. In 
general^ the treatment given to water ia adji4:9te*d miitably 
to the charaeteristics of the raw water to be dealt with. 
The treatment works should be located as near the eoirrce 
of supply ft-s possible. The various processes involved in 
the purification of water are * 

Storage tends to improve the quality of water through 
scdiiucntatioii of silt and other Buspeuded matter and by 
the oxidation of disolved impuritiea^ Colour and tuT' 
bidity are reduced to a considerable extent and bacteria 
also disappears to as much aa 90 to 9d per oout which in 
many caties offers an cfTective substitute for prC'Sedimenta' 
tion and pre-chlorination. FoUuted water derived from 
rivers ia stored uiKlisturbed in Large impomndiug reser¬ 
voirs for a period of 2 to 4 weeks. In America^ water iu 
stored at some Mn^rka from 6 montha to several years. 
Stored water deteriorates biologically. 

Screening. Screens are used at river intake to screen 
out the coarser solids and floating matter, Tbe screenfi 
used are of two typefl, the bar screena with openings 1' to 
S''} and tbe fine setFeeus with to §''^ opeuiiigs * the two 
types are operated in series; 

Sedimentation# Moot aurfaoe waters require a period 
of sedimentation so as to remove mueb of the suspended 
matter and reduce load on filters. Before undergoing any 
subsequent treatment and in many cases this Bedimentax 
tion is as^sted by chemical and mechanical fJoccuLation. 
Waters somewhat heavily charged with sediment usually 
benefit from a preiiiniriary sedimenieLtion with a deten¬ 
tion period of Ifdays to 3 days, unassisted by chemical 
or flocculating devices^ followed by the main sedimeota- 
tiop w'itb a detention period of 11 to 4 hours. This is called 
Cfarifieation. 

In the ^storage and plain sedimentation process sus¬ 
pended impuritieB are removed which settle down by the 
action of gravity snd other predpitating forces but it docs 
not ordinarUy give adequate treatment of water. The 
production of pure and clear palatable water roqttires the 
use of filters and sterilization. 
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Time reqmred to settle through one foot depth in water 
for different types of impurities :—^ 


Impurity 

Hiu) luin. 

Timcf talcon 

Conr^ Simd .. 

1 to 0*5 

3 seeaiitis 

lilKtium sand ,, 

G.&5 to 0.^5.. 

15 

’F'iiie sand 

0*!^5^to0-10 

40 

Hitt or Doiioictal niattoT 

O.Ol. 

30 mumtoQ 

Bacteria 

0.001 

35 hotim 


SetUEng Basins or Sedimentation Tanks 

These are buiit for preliminary settlement of solids^ 
as has been explained earlier^ where the water dbtained ia 
from ft canal or a river and is mucldy^ They are cither with 
eonlinuoiis flow or iiitennittenb flow. Continuous flow 
tanks are built for ft detention period of 3 to 3 hours Oow 
fur plain sedimentation* and 3 to 4 hours flow for floccu¬ 
lated flow based on the turbility of the water, depth and 
length of the tank and the time the solids will take to de- 
}K)9it, Intermittent flow tanks are designed for storage 
of 2 to 3 da^-a and nro not now much in favour. Coagufa- 
tion arrangements are added with the sedimentation tanka 
where th^ro is not much of coarse materfaJ, hut where 
most of the sasipendcd matter is coarse and will settle 
rapidly without the aid of coagulants, a settling basin with 
detention period of 3 to 8 hours is preferable and will: re¬ 
duce the cost of chemicals for w^ater treatment. 

Sedimentation tanka are of various shapes hut the most 
common forms are reetangular for the larger plants and 
circular fur the Ainaller plants. Circular tanks are built 
in duplicate and rectangular tanks are built in two or more 
compartments fur facility of cleaning, which form longitu¬ 
dinal units w'ith long baffle watb extending up to a fwv 
inches twlow the water surface. The proportion of breadth 
to length in each eompartraent is generally 1 : 2, with 2 3 
minimuim and 1 :4 maximum, T^ng* relatively narrow 
tanka are less affected by inlet and outlet disturbancea and 
Cross currents caused by breeies. Narrow tanka are 
taore officient aince the time taken by the suspended maLter 
to settle at the bottom m 1cm* Tho velocity of flow ui 
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the tanka is kept J to 1 ft* per minute* Depth ia genemlly 
10 to 15 ft*, with 6 ft. iiiinimum end 20 ft. mBiiimum. 
Width should not exceed 40 ft* TJie overflow rate is 10 to 
15 galls, per hour/eq. ft* for plain sedimentation and 20 
to 25 galls* per hour /sq. ft* far f ioirculated water. 

Settling tanks are generally provided near the source 
of supply. The inlet should be so dedgned that the water 
may enter the tank with as little dhturbanoo as possible. 
A most common and efficient method is to collect water 
by decanting it over a weir across the entire width of the 
tank at the outlet end* with a uniform depth. The outlet 
should be about 0' above the floor level, the draw-off 
licing from a float below pipe so arranged that the 
draw-off will take place at from 15' to IS' below the sur¬ 
face. For outlets, some engineers prefer skimming weirs 
extending across the outlet end of the tank. A skimming 
baffle extending a few inchcfl below the water surface near 
the outlet will prevent floating matter from going to 
filters. 

To facilitate mud removal, the bottom should be elopf^ 
to one aide at a grade of not less than 1 in 20 , or a d: a n 
made in the ceDtre, which runs to the outlet* Sludge or 
nmd should be removed quite often; if tho impurities ane 
organic they are liable to decompow if allowed t<j accumu¬ 
late for any length of time. Since mud settlea in large 
amounts at the inlet end, it is advisable to have the b:iein 
deepest at that point. Each compartment should be pi*®" 
vided with inlet, outlet, W'ashout and overflow, the last 
two being sometimes arranged through a common set of 
piping* All control valves should bo outeide the water 
and fitted with proper head stocks* 

CoagulailOQ 

Very' fine and light suspended matter in w-atcr which 
cause colour and turbidity will not settle unless allow'cd long 
periods of detention. The addition of a coagulant before 
sedimentation (followed by fUtmteon) reaulta in the removal 
of a greater amount of suspended matter [or turbidity) 
in a shorter time tlian by plain Kedimentation, ^ V 
the addition of csertaiu ehcmicals n flocculeat* 
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prccipitjito Is formed which ia dorapamtivcij heavy 
and will settle to the hottom of the liquid, iiud in 
thin process of settling it will carry down with it many 
impurities in the water including a large proportion of 
bacteria. Efesirable periods of retention in coagulating 
l^ina are dcterniiiit^ liy tost, or by esperienoB in openu 
tion. In practice, they seldom excei^ 4 to 6 hnuri. and 
2 ts a frequently used period. Alum (aluminium 

smphate} is the most commonly iLsed coagulant. Coagula¬ 
tion Us also ii&ed as a preliminiiiy step to filtration through 
rapid-sand filters. For water low in sn^pended solids but 
high in colour, artificial turbidity in the form of ciny 
TODietimefl introduced to aid" coagulation. Coagulant 
may be added to the raw water either is a dry powder or 
in aqueous solution, dosing in the fomi of Eolation Is better. 
It is held in a storage tanii: where it ia stirred continuously 
^ridg use. Thorough mixing and a short reaction period 
between the water and the coagulant are desirable before 
the coagulated water enters the coagulating basin. Various 
types of meclianical devices (Fioccuktors) are available in 
the marhet* w’hich consist of tanks ha^'ing paddies on hori¬ 
zontal or vertical shafts. The solution storage tanks aro 
Usually rtibber-lincd steel for ^mall pknls, and acid-resisting 
asphalt-lined concrete tanks for large plants. 

The usual economicaJ method k to pass the water 
through long channek with baffles after mining it wnth 
alum solution and then allowing the water to settle in long 
wttling tanks. This will reduce the suspended iuorganio 
impurities to the extent of about 50 to 7o per cent. The 
remaining Inorganic and micro-organic impurities are got 
rid of by passing the water through sIoh’ or rapid sand 
liltory nnd by sterilizing it. 

For profier cckagTnIfitkn the dose of alum must be 
^rneelly detemiiiiKl by trial. For very clear waters it may 
he as low as ^ grain, anti In the case of muddy w'Hter from 
^ river, it may Ijo up to 3 groins, per grtlion. The normal 
amount used In pnictire varies between i gr. to gra. 
per gallon of water. The quantity of alum must he such 
*iL ^ produce visible floe. With alum water must be 
mkaline, if it is acidic, it roust be made Uuipcirnrily 
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bfltti bv tbe addition of Hmo, Alum irKreftses the acidity of 
tiiH ivator treated, and if an excessive do^e were adminis¬ 
tered it would attact tbe bon pipes in the distribution 
system. 

Another coagulant is ferrous sulphate, which ih ub^ 
with lime; it is cheaper and the floe is heavier and emka 
more rapidly. But alum is preferred, since the use ot 
ferrous sulphate requires more skill and control. 

STERILIZATIOH 

SlerilLzation of water is neceasary to kill all the patho 
conic bacteria of water^homo diBeaeea to make it safe f^ 
human consumption. Although by fdtration all ^ispended 
imparities together with moat of the oi^anic impurities 
fhacteria) up to 90 per cent are removed but still some ot 
these bacteria arc very' danRetous and may not be removed 
by simple filtreliont ihertfore, water baa to he stcrilucd. 
Sterilir.ation of water can be done in a number of ways 
but the cheapest and moat effective for public 
pUcs is chlorination* Chlorine renmvea bacteria, eliminate* 
tastea and odours, improve* coagulation, oxidiies iron anel 
inftngancse, controls algae and other plant life and removes 
colour. 

Chlorination, Chlorine may he given in three f™* - 
frt) For very small suppUcs, aa bleaching powder or chlond s 
of hme. (h) Bor small town or village installations, as 
liquid or eodium hypochlorite solution containing 10 to 
15 per rent by w eight of chlorine. The liquid form can 
be readily mixed with water, (cj For medium and lorge 
size waterworks, as ehlorino gas by gaseous qhlonupt'^r. 
The chlorine may le added to the water in the pipO 
leading from the* filtered water impounding rracrvoii lo 
the ihatribution mains or in the clear well (made for the 
pun^O'®) ^ that an adequate contact time will be ensured. 
Where the raw water ia highly polluted it w ould bo i d* 
vnningcous to odd some chlorine into the suction pipys^ o 
raiv water pumpf' to the water as it entera the mixing 
cliamber, before any other treatmeot is given. This pre- 
chlorination will nuprova coajfulafion^ reduce tastes* 
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odourHf aJgae nnd other orgujilama nnij. kwp the filter 
sai^ cleaner. The dosiige ahoolJ be such that a residual 
of 0.1 to 0,5 p.p.in. goes to the filtora ; doao of from 5 to 10 
p,p,m, are common. 

The require ment of chlorine depends upon the tvpe of 
bacteria and the amount present in the water, unci ran be 
oeterniined by testing with the itrihot^idin Kolutjoti, f ml. 
of orthotalidin is dissolved in 100 ml, of water to bo tested 
and allowed to stand for 10 minutes in a dark rettun. 
llie aulxition will turn yellow if residual ohlonno \h pre* 
sent, the intensity depending upon the amount of chlorine 
pr^nt in the iivater. After sterilization there must be 
residual chlorlno m water 0.1 to Q 3 p.p.m, at the last tap 
in the distribution system after 30 minute.^ to ensure that 
all the supply hiis b^n fuJiy disinfected. For cUsinfcetion 
alone a dosage of 0.1 to 0.2 p.p.m. may be required for 
good underground waters and 0.5 to i.5 p.p,m, for surface 
w^atere. A dosage of about l .O p.p m. wil] destroy most of 
the germs. In the ease of highly polluted waters the re- 
c^mrement of cldorine may be as high as 3.0 p.p.ra. giving 
a reaid^I of 1 p.p.m. in 20 minutca. (Ektsago in pounds 
per million ga]Jt>jia=10x dosage p.p.m). The baeterial 
efficiency of chlorine L? reduced by increased pH values 
and low w'ater temperatures. After chlorination the water 
should bo allowed to stand at lenirt 20 minutes liefore use. 
It is essential that export advice should l)e taken as to 
which process should be emp'loyod, the dose of chlorine^ 
and the most suitable points for the application of chlo¬ 
rinating and dc-chlorinating agents. 

The doses of clilorine used in Eluropo are in general 
much smaller than thoie used in America^ except perhaps 
when ''break point” chlorination is employed, Disiiifec* 
tion of water usually takes place in Europe only at the' 
final stage of treatment and chlorine la not much used at 
any intermediate stfigea. 

Chlorine gas is most comiuonly used which is supplied 
in steel eyliuders eonipreased into liquid form fliquefied 
gash There are a number of ingenious dosing ap|iaratu.ses 
available for applyiTig chlorine to water wjiicii operate 
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either under manual control to give a fixed dose or unde’ 
automatic or 8omi-automatic control for varjnng the doeo 
to the volume of v-atcr flow. The use of chlorine dioxide 
(peroxide of chlorn *) produced from sodium chlorite is 
becoming increasingly popular in America as it has the 
additional property of removing odours and tastes. 

dilorine is a dangerous poison, particularly the gas, 
which is corroaive, dangerous to handle and breathe. Plant 
in which gaseous chlorine is used should not be placed in 
6uch a position that an accidental escape of gas might 
percolate into adjacent premises. The plant should pre¬ 
ferably be housed in a separate chamber >»ith ample ven¬ 
tilation. The main door should open outwards, and there 
should be a second door or window arranged to promote 
a thorough current of air and which should always be kept 
open. It is veiy dangerous to place any localized heat, 
such ns an electric itwiiator, near the chlorine cylinder. 
A suitable respirator should always be available in an 
easily accessible position adjacent to the plant room for 
use in case of an accident or the necessasity of shutting 
off the supply in the event of an escape of chlorine gas. 
(Based on B.S. Oxie of Practice CP 310.) 

Super-chlorination and Break-point chlorination. ThU 
s^wtom U adopted for the treatment of waters having a 
high degree of organic pollution such as swimming pool 
waters and waters intermixed with sewage. Heavy doses 
of chlorine ranging from 1 to as much 20 p.p.m. are given 
depending on the degree of pollution, followed after a 
suitable interval of time by a dose of some de*chlorinating 
agent, e.g., sulphorou.s acid gas (sulphur dioxide), sodium 
tUosulphate or potassium permanganate to neutralize 
the re<«idual chlorine. Considerable difficulty sometimes 
occurs in adjusting the doses of chlorine to maintain a 
constant residual. In some cases, after the break point 
residual has been obtained, ammonia gas to the extent of 
about 1/lOth of the chlorine dose is added to produce chlora¬ 
mine in order to preserve the residual chlorine effect over 
a wide distribution area. 
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The term “break-point” indicates the stage at which 
the chlorine demand (for the destruction of organic matter) 
is satisfied and any further dose of chlorine re-appears as 
free chlorine. 

The efficacy of any chlorinating process depends upon 
a period of contact long enough to ensure complete steriliza¬ 
tion, If such a period cannot be provided in the normal 
distribution and/or storage systems between the point of 
treatment and the first draw-off, one or more special 
contact-tanks will have to be provided, WTiere water 
is supplied to the consumer direct from treatment works 
without the interposition of a service reservoir, the contact 
period after the application of chlorine may ^ too short. 

Where super-chlorination or break-point chlorination 
is practised, it is desirable to provide a baffled contact 
tank of approximately 30 minutes' retention, in order to 
ensure complete sterility. 

Very occasionally a small dose, 0.2 to 0.5 p.p.m., of 
potassium permanganate is also added to the contact tank 
prior to filtration in order to control tastes. 

Chlorine is put into the water by a dosing apparatus 
regulating the quantity as desired. When the difference 
in pressure between water supply to chlorinator and the 
point of chlorine application is not large enough to operate 
chlorinator, it is necessary to pump chlorine under pres¬ 
sure. Chlorinators should be installed in duplicate so 
that service is not interrupted in case of a break-dowm, 
and a two week-s supply of chlorine should be at hand. 
The amount of free chlorine in the treated water should be 
determined every hour with the orthotolidin or other 
testing apparatus, ^^^len water is added to orthotolidin, 
ft blue colour appears which is matched with standard 
glasses. 

Chlorine produces unpleasant acid taste and pungent 
odour which vanish in course of time. If however, the 
taste persists, the free chlorine can be removed by adding 
ft de-chlorinating agent os mentioned earlier, about 0,3 
to 0.6 p.p.m. 
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Chloramine : Chlorine l)emg an evaporative chemical, 
residunl chlorine will not be available after sometime, 
therefore, there will be no safeguard against further 
hition in the distribution mains or storage. Ammonia is 
added to filtered water before chlorine dose is given and 
this ammonia will not only retain chlorine for much longer 
period but will also remove the unpleasant taste and the 
odour. Thus it permits a large residual chlorine content 
without a chlorine taste or odour. This process is call^ 
Chloramine process. Ammonia is usually added in tho 
ratio of 1 part ammonia to 4 parts of chlorine. It is used 
as gas or ammonium sulphat?^ or ammonium chlon o. 
Ammonia is thoroughly mixed with water about half a 
minute before chlorine is added. Dose of ammonia is 
1.5 lbs. of ammonia gas or 6 lbs. of sulphate of ammonia 
per million gallons of water. Chlorine is sometimes applied 
first, in order that it may have full effect on bacteria, and 
the ammonia is added 16 to 20 minutes later. Ammonia 
and chlorine gas should never be mixed together as they 
may cause explosion. 

With chloramines the residual should be twice that 
with chlorine and a reaction period of up to 2 hours should 
bo given to provide for the slower bactericidal velocity of 
chloramines. 

Chloramine process is also used for disinfecting swim- 
ming pool waters to avoid irritating effects of chlorine. 

BUaching Poteder {Hifpo-chlorite of lime) is employed 
for temporary or emergency chlorination. It contains 20 
to 35 per cent of active chlorine when fresh but loses its 
chlorine content with age and by exposure to air. The 
bleaching powder is dissolved in water and tho solution is 
added to the filtered water in the required proportion. 
Dose varies from 15 to 40 ll>s. per million gallons of 
water. A solution consisting of 6% of pow'der and 95% of 
water by weight is generally prepared in the form of a 
paste and then thinned to a slurry and injected or pumped 
into the service maias. It is a whitish grey powder and 
requires 24 hours for its action. 
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Steri^'nlion of Completed Lines 

B fore being placed in service the entire supply line 
sht.uld be chlorinated. Tlie chlorine may bo applied by 
any of the methods. Water jh^uld be fc<i 8lo^^ly mto the 
new lines with chlorine applied in amounts to produce a 
dosage of 40 to 50 p.p m. and retained for a period of 8 
hours or more. A residual of not less than o p p.m. shall 
be produced in all parts of the lino. During the chlonna- 
tion process all valves and accessories shall bo operat^. 

For the medium sized and smaller planU a number 
of ingenioiLs tanks have been commerciaUy produced to- 
combine the processes of coagulation, flocculation, and 
sMimentation in one unit. 

Other Chemicals for Water Treatment 

Potassium-permanganate is useful for sterilizing sm 
quantities of water. Dose is about 1/16 to l/S ^in per 
gallon and removes about 98 per cent of bacteria m 4 to 6- 
hours. For disinfecting an open well, dissolve one ounces 
of potassium-permanganate in a bucket of water and lower 
it frequently into the well till it is mixed thoroughly with 
the water of the well. The weU should not bo used for 
48 hours afterwards. 

If with the minimum quantity of potasaum perman- 
ganate the pink colour disappears, there is organic niatter 
present in the water and more of permanganate should 
be added until the pink colour is permanent. It dMtrejTi 
organic matter already in a sUte of putrefaction instan- 
tancoxLslv. but it take's half an hour or more o es r^ 
matter about to putrify. The water can afterwards be 
fUtered through clean sand and charcoal with ^vantage. 
Potaadum-permangnnate is also used to oxidire e 
producing materials. Usually only 0.05 to 0. 0 p.p.m. 
is required and it may be added to the raw, filtered or 

filtered and chlorinate<l water. 

Potassium permanganate has also been used as an 
algicide and for removing iron and colour. 

Advaitd < harcoal {enriym) w i t'd to remove tistc 
and dour, whether due to deeayiug orfpnic m"''" « 
ehlorine. It enn be employed in granular form m a filter 
)«d or more generally as a fine powder, mstcad of sand. 
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* Colloidal and fiiaaolir&di or^anio or inorganic matter^ iron^ 
manganese, and gas are retained by it. It has good colour 
removal propertio3, and ia usually employed before aedi- 
me^tetlon. Actimtod earijoti w a proprietary product 
and w aold under various trade narais. It reduces chlorine 
■demand of treated water, and helju coaguJatioiij if addod 
before filtration, 

Caujjic (CnO), Dose S to 15 grains per gallon 

of water. Suitable for small quantities. Water ia filtered 
after reaction, 

Caitstie Hioda {sodium hydroxide) ands ilicate of soda 
are used for correcting corrosive propenaitiea. 

Carbon dioxide is used to reduce pH values and to 
Jiberafco hydrogen sulphide from sulphur waters. 

Copper sulphate ia used to coutnoj the growth of algae 
end other micro-organisms as detaHed earlier. 

High degree of sterilisation should not be done ; them 
is a point worth con^deration regarding the effect of high 
• degree of sterilization on the human alimentary syateiu. 
It is reasonable to suppose that if, after becoming "accus- 
tomed to a high degree of Bterilization in the water con¬ 
sumed at one locality, a person, for some reason, has to 
change his environment to a locality where storiiizaticn 
of water is less or none at all, this" person runs a risk of 
■diseaflc bfinitely greyiter than one accustomed to consunie 
the less sterile water. 

Aeration of Water 

Aeration is the pricess of mixing air with water for 
purification and has a number gf useful functions. It 
■remoi^ carbon dioxide and increases quantity of oxygen. 
Aeration is often done at an early stage of water treat¬ 
ment for removing eAce^H iron from ground watere, and 
ofioura and tastes from surface waters. Corrosiveness b 
also removed to some extent, while iron and magnbium 
are removed to a considerable extent. Aeration of water 
is a very simple process and can be effected in a number of 
ways. 

Cav/ides. Water b let to fall down a aeries of 3 or 4 
Htepjj or Weirs, or one I mg weir, over which the watjr tum- 
■bles in a than sheets difich&rgiug it as a fountain into w 
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•open reservoir. Passing the water throngh open channels 
is also effective. 

Spray Nozzles. Water is pumped through pressure 
nozzles to spray in the open air. (A nozzle of 1-in. orifice 
will discharge about 70 galls, per minute to a height of 
about 7 ft. at a 10 lbs. pressure). 

Trickling Beds. Water is passed through perforated 
pipes over beds of coke, slag or stone about 2 ft. thick. 

Theee may be contact filters or pressure filters. Com¬ 
pressed air is’blown through diffu.ser porous plates or per¬ 
forated pipes at the bottom of settling tanks. 

Allowing the water to fall from a pipe from a good 
height into a collecting basin will bring sufficient aeration. 
Ground waters require more efficient aeration. Too much 
of aeration should be avoided. Where water is drawn 
from great depths (by the welLs) which Is sufficiently puro 
and docs not need filtration, only aeration is done to further 
improve the quality. 

FILTRATION 

Filters are of two main types ; (•) Slow-Sand Filters, 
and (li) Rapid-Sand Filters or Mechanical Filters. 
Slow-^nd Filters 

A siow-sand filter is an underdrained water-tight basin 
containing 3 to 5 ft. of filtering material, of which about 
half is fine sand; the sand being submerged under 3 to 
6 ft. of water and the basin being arranged to permit the 
percolation of water through the sand. A depth of water 
equal to the thickness of filtering sand has bwn found to 
give good results. The depth of water has to be adjusted 
accord ing to the rate of filtration, turbidity of raw waUr 
and the thickness of the biological film. Too great or too 
email heads are not desirable. The following thickness 
may be taken for the filtering materials :— 

4“ to 6' of broken stone, brick bats or gravel 1 to size, 
3' to 6' of gravel f' to 1^' size, 1 

2' to 4' of gravel to size and above J graded 

■8’ of coarse sand 

F to 2* of fine sand (r sid o left between 70 and 100 meshes 
to the inch) 

of very fine sand about 1/120' sire. 


*6 
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Or alternatively : 2 to 3 ft. of sand of size 0.25 to 0.3 
mra. is placed on a layer of gravel 8 to 10 inchea thick, 
of size about to graded. 

Tlie sand should be as nearly as possible of pure silica or 
quartz. There should be a float gauge to show the differ¬ 
ence of level of the water above the sand and in the 
outlet pipe and the head under which the filter is working, 
which should never exceed the depth of sand in the filter. 

The rate of filtration is generally 30 to 80 galls, (with 
100 galls, max.) per 24 hours per sq. ft. of filtering media. 
Miniiiium layer of sand should bo 1 ft., and for sand less 
tluin 2 ft. rate of filtration should be 2 galls, per sq. ft. 
per 24 hours per inch of sand depth. The rate of filtra¬ 
tion is sometimes expressed in terms of the rate of vertical 
descent of the water approaching the sand, in inches per 
hour. In a newly cleaned filter flow is rapid but as the 
filter works, the biological film formed at the top becomes 
thicker and the flow is reduced. As a rule more slowly 
filtration takes place, the purer will be the filtrate. 

Vertical air vents passing through the sand should 
be provided for the passage of air to and from the bottom 
of l)ed to avoid disturbance of the filtering layers. These 
air vents are omitted where formation of “negative head’’ 
is avoided. Air binding can be prevented altogether by 
making it physically impossible for the filtering head to 
exceed the depth of water over the sai d. This can bo 
achieved by building a w’eir in the outlet chamber. (This 
has been explained further.) If arrangements are made to 
refill the beds with filtered water from below (after cleaning 
or emptying for any purpose) this will prevent entrapping 
of air in the sand. 

Bricks are laid on the floor under the gravel in trans¬ 
verse row's in two or three layers with spaces in between, 
each layer at right angles to the one below so o-s to form a 
scries of chomiels. Water percolates through the gravel 
into the channels and is led to a central chatmcl mode 
under the floor. Or alternatively, scries of underdrains 
are made. Underdrains are laid not more than 10 to 
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12 fl. apart ard are surrounded b}’ a layer of coarse gravel 
upon which the layer of graded gravel rests. The under¬ 
drains arc laid with open joints to permit the entrance of 
water into them. A central main drain is laid Icngthwiso 
into which all the cross drains pour. 

The floor of the chamber is made of cement concrete and 
in such a manner that the main drain can he fi.xed at a lower 
level than the cross drains. The chambers may not have 
roofs in hot climates. A covered chamber complicates 
the periodical w*ashing of the filter sand. The rate of flow 
through the filter is usually controlled at the outlet either 
manually or by a float-controlled weir upon wliieh a con¬ 
stant depth of water is maintained. The filter chamber 
size is fixed according to the flow and should be made in 
four unite, two working at a time, no plant should have 
lees than two filter units; and should have sides in the 
proportion of 2 to 3. Ordinarily the size of large units is 
1 to 1 ^ acres, and small plants | to 1 acre. 

Fihration is perform^ by a thin biological film formed 
after sometime on top of the sand which arrests suspended 
matter and entraps bacteria. When the filter gets cIoggM, 
top I' to 1J' sand is removed by scraping off, wa.shed with 
clean water and re-used. ProWsion should be made for 
drawing off the raw w'ater from the top of the filter when 
it needs cleaning. Cleaned or resanded filters should be 
brought up gradually to the full filtering rate and main¬ 
tained as far as possible at a constant rate until the head 
reaches the maximum of 2 or 3 ft. at the end of the run. 
Cleaning is done usually once in a month. All materials 
sliould Ic cleaned and washed or changed at least once 
every six years. Measuring devices are l>etter placed at 
. the outlet, where they can show the rate at which the 
bed is filtering. Inlet measuring weirs record only the 
flow on to the bed and are misleading as the waUr level 
in the bed may be rising or falling. 

Slow-sand fUters arc quite efficient and cheap if raw 
water load as regards colour, bacteria, algae and turbidity 
is low. Tliey are also valuable as final proresa after rapid 
sand filtration of very polluted waters. Paeterin rrntoml 
efficiency is about 95 per cent, colour removal efficiency 
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ia about 50 per «nt. Raw waters with over 100 p.p-ni- 
turbidity cannot be handled^ OTcr 40 p.p,iii. may produce 
uii!i<itijifactory effluent-, 

The filter should be finerl wth filtered water from below, 
if posdible. for at least 4* above the sand l>efore uiifiltered 
water is admitted for the first time ; when the normal level 
above the sand is reached the filter should be allowed to 
stand and settle for at least 12^ hours. Until the bk>lo|p- 
eal film of sediment has formed it is unsafe to use the water 
for supply and the filtrate should be run to waste for at 
least 12 to 15 hours at the rate of l/5th of normal filtration 
rate. The water may then be turned into filtered w^ater 
reservolrt but only at reduced rate of say Jrd normal, 
w'hich can be increased to the normal maximum rate in the 
omirse of the nest 3 or 4 daya. 

Turbid waters should passed at rapid rates through 
prelmunary or rou^h filters^ or treated as explained e^licr, 
before pas?;Lng on to a slow sand filter. 

Experienre shows that fine sand is more efficient in 
removiog IjacterLa than coarser sand^ and the finer the 
sand the greater the head is neoessary to pass water through 
the bed at a given rate. The finer the sand the quicker 
the bed clog^^ necessitating more frequent scraping. Tlio 
[iaer wtH/lB which would be rejected as unsuitable in coM. 
eountried are successful in India on account of the higher 
water temperatures. 

A brtsAk-presinire chamber of small sIko is built on m- 
Bicle corner of each filter compartment into i.vhich the raw 
water enters at a low' level aud gently introduced on to 
the surface by means of a pipe dh 5 chargmg vertically 
upw'ards. A valve is fixed on the raw' water pipe ontoido 
each corn part ment for control of flow'. 

FUlerinff Head Lj the difference in level bet ween the water 
on iho tijp of the niter and the dear wa'cr chamber, which 
ts about 4 to 6 inches in a freshly cleane \ fiUor, and should 
no!', be greater than the depth of the filtering sand. Thi* 
ddloreuee grad ally increoflca as the filter guts clogged. 
When the liiss of head becom?^ excessive and before a nn- 
gative be id is formed tbo fdtor sho'iild be cleaued. 

Head, When a filter U dean, there is amaU 
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of head iu the fiHering iredia. Duo to filtration 
c]op^r,ng in the top aand ky^r friction IoJa 

increase greatly m the top fci*’ inches. When the in the 
top Ifiyer hecoffi« greater than the head of water above 
and the level of the water at the outlet is bekw the level of 
the BurfatB of tlio filter sand the column of water below 
acta a« a draft tube* resulting in partial vacuum Thia 
oondition is knowns aa “n^Rative h^ad” and when excea- 
Hive* allows air to esca™ fram rolutbn in the water and 
the sand. Ihis interferes comiderably with th& 
fdtratiou and for this, verti ’a! air pipes are provided 
through the aand. 

The depth of water should ho greater than the maxi 
mum loss of head through the sand and the level of water 

of the Mnd ^ surface 

‘i’*? treatnifnt 

other than plain r 0 iimentation eicopt when tho raw water 

t3 very turbid* &low -sand filters am less commonlv used 
than rapid-sand filters. Slow-saiid fiiters have simpler 
mechanism, need leas supenrisbn and less nmmns 
than rapid-sand filtcra. There js l.^as less of hej5 ar.^ 
veiy suitable for small towns where land is availa^; 
■TLitLn,l cost IS high. 

Bapld-Sand Filters or Mechanical Filters 
_ A rapid-sand filter is a water treatment plant that 
meindea provision for pre-treating the water by coafmla- 
tion and sedimentation and then by filtration* withTteri^ 
l™t;ori the final procraa, A praliminari traatmnnt 
eoruwting of coagulation and aediraentation’is assentiat 
With a rapid filter, 

Adtanfagtrs : Initial cost relatively email; rapid mto of 
1 iitmtion and small space required ; useful for watere 
highly turbid or coloured. 

Disadvantage^ : hralDtenanoe more eypensive ■ expert 
diffrJl?^^ handling machmery required j cleansing 
ailtKTilt: not BO efficient for baetena removal. ^ 

^Tiere are mainly two types of these filters, the grajitf/ 
i>Te. and the pre«tin! type. Gravity fflters are open tanit 
vAUtn m which the differcuce in Jevd between the water inj 
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tbe tjmk and thfl filtered vatef channel or sump b available 
for forcinE the water throtif^h the filter. 
ij used for most laiige installations. Gravity filters are 
eonsideml to give better results than the presaure fi 
Tlie area of each unit is 20 to 30 ft. long and 12 to id ft. 
vfdc and are made of concrete nr masonry, open at the top. 
The filter bed cou&bta of 21' to 24^ of clean gravel resting 
on the fjilsc floor and graded in shaLow laycis in 

the^top layer. Above the^vol is a bed ^ 

to 30'thi.k formed of sand suica between 0.60 and O. iO 
mm Tim mait. gravel ebc b sometimes only 1* and tlie 
Tadous sbcB are varied in 2 «r 3 layers each. \ anona 
tyi^ of under-drains are provided. The general nictiiod 
of their operation Is aa follows :— 

Raw uSter b dosed <i te 2 gra^ per g^d") 
ft coaculant. generally sulphate of alumina Jh a^nd 
allowtd to MttlB for a period varying between 4 te 0 honi^ 
after which it is admittod to the filters which are ua^Uy 
worked at the rate of about SO to 150 gaUs. /^q, U. ^r ho^ 
(equivalent to over 60 times the rste adin^bie with 
fllow sand filters). The filtration head m rapid filters vari^ 
from 5 to 12 ft. Rapid filters arc usually found mure aa^ 
fnetorv in India, provided the nocossary shilled supervjaion 
can be given. Gravity filters arc cleaned by tilter^ water, 
TjuicTJ^d or other^^ise forecd upworda tbiough the aand. 

liie wash water is generally sterod in an eievated tuiiK 
nt a height of 25 to 30 ft. or is suppMo 1 by means of a pump 
Tlie wash water required varies from about 1 to 3 per cent 
of tho wQlrr filterfd. depending on the Ir^iquency of wash- 
incs. Washing is done after 2 to \i ilays. _ 

Pressure Filters. A Pressnro filter ia a typo of rapid- 
pand fiUer which is in a cloaed cylindrical container and 
thrteigh which water passes under prcaauro. It may 
located between tho pumps draising water from the sourco 
of supply and tho filtered water storage reservoir. The 
ftatcr ia'goncrnlly given a small doaa ol coagulant More 
it reaches the filter. Prrasure filters are not consitlcrad 
reliable for tl e removfll of bacteria, therefore they are not 
gcr.erjfly aE<ed for municipal w'ater supphea when the water 
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18 oon^e^ conUminAtod. They are. however. u«ed for 
^e softening of and removal of iron from ground wateni. 
ft ^fUter^iJSL"^ from 2 to 4 galLi. per minute per aq. 

De^ regar^ these fOten can be obtained from the 
manufacturing firms for the particular requirements. 


3. STORAGE OF WATER 


Purs Water Storage Resenroin 

By storing water the quality may be impaired by the 
growth of microeoc^c organisms which pi^uoe tastes, 
and colour. Grou^ waters and treated watera 
®*orod in open res e rvoirs are more susceptible to such 
growths than natural surftoe waters. The quality of 
stored waters may be improved through sedimentations, 
through the bmefidal effect of oxidation and sun- 
tmt the danger fiom algae growths is so great that 
P®ifW waters ou^t to be stored in the dark. Microscopic 
w^wusnis, udth a few exceptions, are dependent upon 
h^t for their growth. Therefore, all reservoirs built for 
filtered water should invariably be covered, and ventilators 
^^fth wire gauze covers should be built into the roof or 
JQst under the roof above water level. 


A storage reservoir is built to collect water from filters 
snd store it until it is pumped into the service reservoir 
or the distribution system. It usually holds from 1 to 3 
^ys or m<Me of the average daily demand to meet fluctua¬ 
tions. One day’s storage reservoir is better from sanitary 
pomt of view. Where water is obtained from several 
•ouroes it may be only half day’s supply. 

^Design of masonry reservoirs has been detailed in 
“®otion 7. Where the earth pressure against masonry wall 
♦K * “ of permanent nature a^ well rammed, or 

the reservoir is below ground level, there will be excess 
Ptoss^ on the water side equivalent to that from a fluid 
weighing 35 lbe./c.ft. Therefore, the wall/walls of such 
^ ^ designed only for this pressure- 

•^e term ‘‘service reservoir” is used for s tank which 
** for the storage of pure water which has undergone 
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whatever purification treatment ia neceasiry before d^tribn- 
tion to the ootMumeT. A semce provide for 

fhictnations in the daily demwid. The term lonponndi^ 
reservoir'^ ia generally ii»d for a tank which ator@ un* 
treated surplm rain-water for use m dry aeaeons during 

a vear. ^ _ 


p 

] 

11 

1 

S 1 

1 

6 

6 

» , 

1 IS 

14 

16 

16 ' 

16 

!0 

23 1 
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Captotj 

InUPkHl gidld.) 

Ecoftdrdio 

depth in ft- _ 

(Aim Bee ander ‘ Elevated Tanka") , 

Such rcservoLre ahould preferably be bailt h^ 
half out of the groumi tho material of elevation being 
used for bankmg material for the waBs and covering over 
roof slab to keep the water oool. 

Sorrifft or DtstHbutlng Resnvolrt are built to ftimiah 
storage to meet the fluctuating demands and to ^e aa 
baUncing tanks to mainfc^ the pressure during the houm ol 
irreate$t demand. They meet emergent demands due to 
fire and fkilure of pumpe and also reduce the hours of pnm- 
piiM. Storage v aoewsary if the hourly rete of pe^ d®’ 
mmd eio^ the eafe pumping rate. ^ f 

a service reeervoir depends a number of faetota 
the optimum capacity is debatable) such sa vi^tion 
between maximum and mini mum demauils, pqmpti^ ^ 
punty and the hours th* pumps are designed to work 
the stand-by arrangements. Where the pumpe are n 
dsned to work for 8 to 10 hours a day during peak hours 
and they meet the peak demand in full, the storage 
dty of the reservoir shoold be H to 16 hours a^ra^ dMly 
demand. Where the pmnpe work for about 16 hours at 
-a uniform rate (at kw»r rate than the p^ dedoaand ratoj, 
the minimum storage should be 6 to 8 hours 
mrod. These are only rough estimatioiiB. (See under 
"ISatribution System.”) 

BMiwmloil lorCM ol ReiefTOlrt. Fora singfe-comp^' 
meat roeervoir of a given depth the form most eoononucaJ 
in materialB is first a eirele, then an ellipse^ than * 
and then a TBOtsn^ For a reservoir to be sub-divided 
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into two compartments by a mid*waU the greatest economy 
will result when the breadth is approximately equal to two* 
thirds of the total length. 

Domedic Storage Tank . Rainwater can be collected 
&txn roo£i and catchment areas and stored in under-ground 
(or partly so) tanks. The filtration consists of passing 
the water through graded sand. Two small chambers are 
boilt on one side of the storage tank in line with each other; 
the first one is of a smaller size and the second of about 
double the size of the first and a partition is made in the 
second chamber up to about 6' below the roof. Water is 
collected in the first chamber which passes on to the second 
chamber in which coarse sand is filM and from where the 
water passes on to the third compartment with fine sand 
in it, and thoi to the clear-water storage ta nk . Water 
passes at top ler^ between the first chamber and coarse 
sand and at bottom level from the coarse sand compartment 
to the fine sand and then again from top of fine sand to 
the clear-water storage tank SaotkMi pipe or draw-off 
is fixed at not less than 3* above the bottom of the clear- 
water tank. The water can be drawn out by a suction 
pump. The tank and the chambers are roofed in adiich 
manholes are provided. Arrangements are made to sepa¬ 
rate the first flush of rain from the after-fall which goes to 
the storage. 

Otvatsd Tanks 


Design of Tanks. For small tanks a height equal to or 
somewhat greater than the diameter is an economloal ratio. 
For large capacities and limited variations of pressure 
xUowed, the tank should be relatively large and shallow. 


Steel Tanks. Small tanks are generally made square 
end of pressed steel plates. For a circular steel tank made 
of ordinary steel plates, we need a plate 3/16* thick up to a 
depth of about 10 ft.; increase thickness of plate by 1/16* 
per 10 ft. depth. 

Thickness of side plates of a circular steel tank :— 


2.6HD 


(Take min : thickness 3/16*) 


12000e 
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t*thicknea8 in inches; Hs=ht. of water in ft., D= 
dia. of tank in ft., e=efficiency of joints (60 to 75 per 
cent.), 12000 is allowable tensile stress in steel. 

Where the tank is fixed on columns, bending moment 
due to wind with tank empty should be considered and 
each column must be well anchored to the foundations 
with a strength of anchorage equal to the maximum up¬ 
lifts due to wind acting on empty tank. Min. size of 
anchor bolts is dia. Steel rod cross stag's should bo 
provided inside steel tanks to hold the oppo^te sides 
together. 

Tor design of reinforced concrete tanks, see under 
'Tteinforced Concrete.” 

Hie cost of elevated tanks is balanced against the cost 
of boosting the capital cost of the tank and its main* 
tenanoe against the capital cost of the (boosting) pumping 
plant and its running cost and maintenance. There is 
greater security with an elevated storage tank, than with a 
booster pump. 

Level of Servlee Reservoirs. The ideal would be, that the 
supply of topmost floor in the highest building in the zone 
must be assured by gravity alone, and in the case of fire the 
jet from the hydrant must command all the parts of the 
highest roof. It would be more convenient to have a number 
of small reservoirs keeping in view the pumping and mains 
expenses, the town being divided into a number of districts 
or zones according to the levels and the population. Each 
zone should have its own service reservoir and distribution 
system but all should be interconnected if possible. It 
is essential (if practicable) that all service reservoirs are 
constructed at the same level so that one may feed into 
the other in case of a breakdown. 

A prtssure-tqualizing rtservoir placed on the distri¬ 
bution 8}'stem at a distance from the pumping station serves 
its purpose with better effect than one ]da<^ close to the 
pumping station, and it should preferably be situated on 
the opposite side of the high coosuiuption district from the 
pumping station. During perio^ of highw^ater use, the 
district will be fed from both aidea, a CMidition that will 
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nduoc the lo39 of head in thfi water maina to about otuB- 
quarter what it would be without elevated atgrage. 
inlet should be so arranged, and providod vith a 
float operated switch so that the pumpa stop working and 
inlet olosefL when the water in the reeerroir reaches the top 
water level. An oveF^flow pipe should also be proTkIed 
which may eot^sist of a vertical pipe with a beQ mouth, 
placed a few inches above the top water level and connected 
to the EDour pipe below the Bluioe valve which controls the 
sloioe valve. 

AH ciatems or tanks will have the main supply pipe or 
Inlet oonnected at top and the outlet or down service 
pipe oonnected on the opposite sde of the inlet pipe 2^ to b* 
above the bottom of the tank so aa not to take any sediments 
with it which might have collected at the bottom. Xbe 
outlet pipe shoold be fitted with a strainer the aggregate 
area of which Hhould be at least double the area of the pipoi 
A stop-tap or stop-valve should be provided on the sup^j 
pipe outside the tank. A w'ash'OUt pipe with a stop-valve 
for cleaning and emptying the tank must be provided at the 
bottom. A waste pipe known as an overflow or warning 
pipe carrying off the eurplufl water when being overfilled 
(in case of the ball valve getting out of order) must always 
bo provided^ and should be flxf^ to the tank a Uttle below 
the level of the inlet and should discharge through the 
external wall. All coimectiona should be screwed con* 
uectionSj, with backntits both inside and out. The reservoir 
shonH preferably be divided into compartments and a 
sluice valve should be fitted on the outlet pipe from 
each compartment. 

Bail Taps. \\Tiere the internal diameter of the inlet 
of the ball tap is not more than ij', the float should be of 
an external diameter of not lees than . The thickness 
of a copper ball should not be less than 20 S.W-G. in cases 
where the extemali diameter of the: ball does not exceed 
aj' and not lesi than 24 S.W.G., in cases where the 
extemal diameter of the ball exceeds 6i'- 

Steela ahould be painted with leadlcsa paint. 

Galvanized iron or lead bnod tanks should not be us^ for 
drinking water. The t«J^kft should be covered and ventila* 
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ton; the coven should be well fitting but not so u to be 
air-tight. Small cisterns of tip to 30 galls, capacity should 
be provided with hand holes of 6* dia. and bigger idriw with 
man-holes. 

Brtak Presaurt Tanka »n HUla. Provide with capacity of 
500 ^lons, fitted with a ball-valve at the inlet; the ontlet 
should be at least 2J ft. below the inlet. 


Clstems. Small rectangular galvanized mild steel 
tanks can be made of the following specifications :— 


Capaeity in GaOons 

SpecifaoatioDB 

to 40galla. 

Depth op to 2 ft. 

16 gauge or 1/16'thick plate with l^'x 1|* 
Xl/16' angle irons or comer plates. 

42 to 100 gam. 

Depth up to 2| ft. 

14 gauge plate, and ditto. 

100 to 200galla. 

Depth op to 3 ft. 

12 gauge plate with 1|'X l|'xS/16' angle 
irons at ton. 4' oomer plates, and two i' 
dia. gal. W.1. stay rods, one riveted to 
angle iron framing at top and the other 
riveted to angle iron in the body of the 
eutem. 

250 to fiOO galls. 
Depth op to 4| ft. 

plate with If'X l|'x t/ld* angle irons at 
top, and three dik gaLWX stay roda, 
one riveted to angle iron framing at top 
and taro in the h^j of the ewtem. 

600 to 700 galls. 

Depth op to 41 ft 

8 gauge plate with 2* X 2* X i' angle irons 
at top and three}' dia. gal. W.L stay rods 
one rivetod to an^ iron framing at top 
and two in the body of the eistem. 

800 to 1000 galls. 
Depth op to 4} ft. 

3/16* plate with 2* x2'x}' an^ iron 
at top, and four }* dia. gal. W.I. stay 
rods, one riveted to angle iron framing at 
top and three in the body of the ristem. 


Welding k better than riveting. 


Each side, end, and bottom of the cistem should be 
in one piece, stron^y and neatly riveted to flanged plates 
at angln with |' rivets, 1' pitch, and with angle iron and 
oorner plates at top, riveted with §' rivets, 4' pitch. 
Bottom plates are generally 1/16'thicker. 
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For average domeatic property the main aer^ pj^ 
from th« tiSTJiould not be k* th«. 1', J 
to the b»th« end 1' brenche. to Uv»^ bMin*. kitc^ 
■inks, wx. cirteniK, etc. WTiere !»«><*»» “ 
viuble to run drinking-water ■uppiies direct from the mam 
service line before it enters the tank. 

Storagt capacity ofciMems : The storage capaaty should 
be aiJ^ted to cover 2 to 3 days’ sup^y in the of 
intermittent systems and equal to one day’s consimaption t<x 
constant seivices. The actual capacity of a “ 

only about | to i of the nomii^ ^ 

sp^ has to be left above the water-line for pipe oonnec- 

tions. 

Ifoodea cisterns should be lined with lead of not 
than 5 lbs. per ft. super or with copper of not leas than 
S.W.G. sheet. 

Hot Water Cylinders and Tanks : 


Cjkn be of the following 


thickness of iron sheets :— 


Capscity, gull*. 

SO 

so to 40 

40 to 80 

goto 100 


Tbioknew S.W.G. 

14 

14 

IS 

10 

1/16' 


4. DISTRIBUTION OF WATER 


Cons u m p tion or Demand of Water 

Rate of demand of water depends upon many factors, 
viz., pressure (demand increases with pressure); water 
charges, whether the supply in metered; if sewage sj-stem 
will exist; climate; population ; class of consumers; gar¬ 
dens and lawns to be watered, etc. The water consumed 
varies widely in different houses, from day to day an 
month lo month. Maximum demand is durmg morning 
and evenings. It ta considered that half the djuly 
of 24 hours is consumed in 6 hours and the balance hall m 
the remaining 18 hours. 

Distribution mains, pumps and storage arrangements 
may be designed for maximum hourly consumption of 
three times the average hourly consumption, and semw 
pipes and feeders foe twice the average demand, llus 
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^ demand. The hettrlv 

de^d and whjch may be 30 to 50 per cent d^ 
nimmer manthii but all the serricea aiti not nafsT at the 
Sedimentation tanks and filter* an generalfy 
designed for average rate of demand. s™™? 

^ ^ approiiniate demands for variom 


I>rinkjng 

Cooking 

House washing and 
cleaning pots 
Bath 

Washing clothes 
Water closets 


I 

1 

3 

10 

5 

0 


to 

to 


] gatl» per head per day 
2 ’ 


to 5 
to 20 
to g 
to S 



For dedgn, ^ drinking and domestic porpoaes take 
ooiwumption at 20 gaflona per head per ^dayT^ irhere 
sew^ i» provided, take additional 8 to 10 galiona 

per head An aJlo^nce of 40 gaUons per head per day ia 
not much on the whole. This is where metei* areinstaUed, 
Metenng all semces reduces the iwnsumptioa to about 
half of the ooMunaption without motors. Although the 
value of ^tenng for reducing eKoeesive use is fSy re- 
cogni^. the eapjtal charge of installing meters and the 
opera^ charges for their maintenance and reading have 
proved ^terront to the expansion of domestic meter use. 
^mestio supplies are not generaUy metered in Europe 
wnile they are metered in America. 

.f . the ent^ ^pply of a town is given throngh street 

etandpomts and where welb exist in addition, 10 gallona 
per head per day may be taken. 

For buildings other than dwelling houses the following 
figures may be taken :— ^ 

20 gaUlLperh^per day 

Hospitals 30 to 50 

Schools g 

Hostels 20 

Bmacks IB _do_ 

Fftctonea 10 win— 
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Public purpaus i— 
Hoad watering 


3 gallons per 100 sq* ft, of 


Sewer flushing 


road surface 
1 gallon per head per daj 


IrriffcUicfn :— 

Road-^de trees 
PabUc parks 
PriTAte gardens 


lOtOOO gallons per mile per day 
1^500 gallons per acre per day 


—do— 


UnfOtet^ water supply, where avsjJable, can be 
taken for the above public purposes throngh separate mains 
end hydrants. 

In addition to the above allowance has also to be made 
for animals, public etand-posts, bathing tanks. Dhobi 
ghats, and Industries, etc. It is estimated that each cattle 
Tcquires 10 to 15 galls, per day. For washing cam, 30 
galloiui per washing, per week Li taken. 

Ftre demand. It is estimated that only about 1 per cent 
of the total water supply is actually used to fight fires, 
but a substantial piovisicm is usually made eepeciallj in 
Amerioa w'hcre over 60 per cent of plant costs in the small 
towns, falUng to 20 or 10 per cent for the Largo towns, are 
provided to meet fire risks. This is probably due to large 
number of wooden buildings. 

Future developments and increase of population 
should be contemplated for 30 y^rs henco- Experience 
shows that consumption of water keeps on increasing 
gradually by 10 to 25 per cent independently of any in¬ 
crease in population and consmnption per head also in¬ 
creases substantiaUy as improved housing and working 
conditions are provided. The chief reasons for increased 
consumption are the requifomanta of industri" and agri* 
culture, riling standards of personal hygiene, together 
with an incTcaae in population. An important additional 
item is “waatage''* 

DeTtsUy of Popi^icn for De^gn o/ K’o/er Supply 

Densities vary widely within a town, general range 
being fjnom 15 to 60 perronsi per acre in the sparsely built-up 
areas. In four to six storied UgUdinga with apartments 
like those in Calcutta and Boidbil^, with aide roods, the 
population may be 200 to 300 persona per acre. In the 
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closely built up resideDtia] areas iu Old Delhi, dennty of 
populatiou has been reported to be 900 to 1100 persons 
per acre. 


Wiler CoDvamptiosi BaIm In Some oE the FtlocOtal 
Towns In Tndta 


Town 

GallH. ptt faiifld 

Town 

Galt^ par boad 

Agra 


Hyderabad 

49 

AlUhabad 

29 

Knnpur 

45 

Eaagalore 

20 

KarBchi ., 

90 

Batkaraa 

29 

Lockikow .. 

20 

BlicpaJ .. 

22 

Kadiaa 

35 

Buiribay 

70 

Mottm 

29 

CalcaUa 

42 

Patiala 

20 

Delhi 

39 

Fatna 

26 

Gflva 

49 

Pooua 

90 

Gwalior 

20 


100 


In most of the towns this supply is considered made* 


In England the ayerage consumption generally varies 
from 30 to 50 in most of the townsT while in America 
it ia from 70 to 200 galls, per head per daji with an average 
of 130 galls., less in smaU towns and more in large towns, 
and in some cases up to eyen 350 gaUs. In Home it ia 
220 galls. This high rate of consumption has not been 
satiajactorilj explained. 

Loss Through Leobife and Wastage 

A yery important factor to be considered while esti¬ 
mating the total demand is the loss dne to leakage and 
wastage. A metered system reduces tbe wastage to a consi* 
derable extent bnt it is atill considered to be not le^ than 
20 per cent in a 100 per cent metered and well msintained 
water snpply system. An increase of pressure also increases 
the wastage and leakage, which is approximately in pro- 
portion to the square root of the prrasure. In America^ 
a leakage allowance of 50 to TO gallons per mile of pipe 
line, per inch of diameter is considered adequate. Total 
Ices may amount to a* much as 50 per cent of the 
supply I or R to 16 galls, per head per day. 

When eatimatmg water requirements and the oorree- 
ponding peak demanda, there is usually less harm in over- 
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ostimjitiiig than in undcr-«tim»Ung, because m the fomer 
ease the capital expenditure do« not increase m di^t 
proportion to the sup^y cater^ for, wher^ m the lattw 
case it is often extremely difficult to rectify the position 
except at considerable extra expense. 

LeakRce In Water Mains. There is always some leakage 
in cast-iron pipes with lead joints due to expan^n and 
contraction from temperature changes accomp^ed by a 
alisht slipping of the lead on the iron at each jomt; Mttl^ 
ments cause movement in the joints. Old and badly 
caulked joinU will have more leakage. 

The following Uble gives approi^tely J 

length of l.OOOft. of pipe line, in gallons per 24 hours with 


Dia. 

9 

4 

1 0 1 8 

1 10 1 12 1 10 

iO , 

2* 1 

90 


o«n. 

290 

900 

|400 '650 

(650 |750 1 1000 

1250 

1500 I 

1800 

booo 


The aggregate amouni oi 

may be fiSm 10 to 25 per cent of the total output. Where 
the pressures are high and efficient methods of wasre 
prevention are not adopted, the wastage “ Tmr* 

as 50 per cent. The amount of water wast^ from a 1/16 
hole in a water main under 100 ft he^^ water may to 
350 galls, per day and from a J' hole, 10,000 g^. per day. 
A d^inTup Ly » much « 20 to 50 gJU. 
day alS a Up running fuU 2,000 to 4,000 galls, per day. 

Tracing Leakage. It is rather difficult to det^ 
leakage in the underground mains. A metal rod is ^n«rally 
thrust into the ground along the pipe Ime and withdrawn 
to find out whether or not ite point is wet. ^und ol es- 
fat pincr watcr can to determined by placing t e rar 
agid^t the rod. “Waste Water Meters*’ are also u^ ^ 
detecting leakage. The meter b placed m a si^ 

attheh^ofasupplyaoneandthesupplyispi^ through 

it at night. Thb meter rogbtere flows at ^ hours on a 
drum with square paper. An instrument calM 
scope” b sometimes used. During the hours of least con- 
sorption at night, valves are closed in turn at the pnn- 
cipal branches. Stem of the stethoscope is placed against 
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the spindle of the valve, flow thfougb the vaJve ia indicated 
by a sizzling aound, TftTiere chenucalB are employed : 
one grain of fluoreaciD ia safTlcient to colour 100 tons of 
water; one grahri of indigo dissolved in Bnlphurie acid and 
mixed with supply, will oolonr a ton of water. 

EHstrtbatlen Sy^m 

In a water-supply scheme distributHwa system repr^Bota 
a very large proportion (about 60 to 80 per cent) of the total 
cost of a project, therefore, the adviaabUity of aervico no- 
servoirs or water towers or the provision of 'booatcr pompa' 
for separate preware zonea, should receive careful and 
detailed consideration. Where surface levels vary appre^ 
ciably, the system of separate loning at different preaearea 
should be adopted. It is preferable to fix ^booster pumps 
in high levels for boosting water rather than to have more 
pressore in all the mains. 

Boofdng Water to Inmaae Pressure or Supply In » IMitil- 
butlon System. Where it is found neceesap’ to increase prea- 
Bure m part of a distribution system high lift centrifugal 
pnmpft called booster pumpa, can be install^ to augment 
the presaurc and supply. A booeter pump is deeignod for 
the extra head of water required plus losses due to fiictioii: 
pressure can be increased up to about 50 per cent. {It 
happens very often that preasure in a distributaon system 
becomes deficient duo to increased demand or extra demwd 
at high level places than previously anticipated and laying 
of new piped becomes necessary- In such caacs. booator 
pumps are very helpful). Booster pumps are frequently 
beet located on the track of the main on a by-pasa anaage- 
ment rather than at pumping stations. 

In addition to sluice valves to control a booeier statioHj 
non-relum or reflux valveu are provided between the sun- 
tion and delivery points (of the direct main) and also on the 
booster main (return by-pass) to prevent damage to the 
main or pump by water hammer. 

(o) Gravity Dfslributloii is where the source of supply 
is above the towm so that sufficient pressure is av^abte^ 
all times in the mains- This ia the moat reliable m^hod- 
Gravity oonduita are laid on nearly uniform slope foUowing 
the hvdraulia gradient of the line while pressure conduits 
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cam be constmcted at any elevation bcloBr the hydraulie 
gradient and may be laid even a little above the hydrauiio 
gradient for short diaiancea in the form of ayphonSr 

(6} DistribnUon by P nm pa and Elevated Storage Tanka» 
(See under "Service Reser^oira'^) The excess of water 
pumped during periods of lowr coDSuniption is stored in the 
tanka or reservoirs and during perioda of high consumption 
the stored water is drawn upon to augment that pumped.» 
TTiia method allows tmiform rate of dwtribution and pump¬ 
ing and meets demands during emergencies and break¬ 
downs, therefore, is fairly reliable. 

(c) IHnct Famplng Without Storage. This is the least 
reliable system and shouM be used only for small supplies. 
The pumps force water directly into the mains. The rate 
of pumping baa to be varied according to the demand and 
a number of pumps have to bo inatalJed of vamng capa¬ 
cities. A failure of the power will mean complete failure 
Supply MalDJ 

Ttfamft fall into three groups according to the primary 
purpeaes which they serve,, vii., trunk, secondaiy and 
service, A "trunk main" is usually an important main 
which carries water from one pla^, e.y., a pumping station 
or rwervoir, to another or to a district where the water will 
be used. As far a^ passible, a trunk main should not be 
used for supplving oonsmnerB direct, connections tihoiild 
be restricted to aeoondafy a^ service mains. Service 
mains are used to supply ppemifles in the streets in which 
they are laid, and their earrying capacity need bo no Jaigei 
than is necessary to meet the local demands plus any 
anticipated future erim connections, due to developments. 
Sccondarv mains form the links between trunk and service 
mains and connections for smaller mains are taken through 
them. They are used to supply the large consumers 
direct. 

Minimum size of cart iron wnter mains is 4 inches for 
mains fed from one aide and 3 inchee for mains fed from 
both ends. No branch feeder should be lees than 3 inchea 
dJa, All mains should be divided into sections by the 
provision of eluice-valvea (explained under "Valves, Meters 
and Tape"). Air relief valves should be provided at aD 
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summito, axid washoats or blow-off Tatres at low points 
between nibmito, unleas adequate proTiaioa is made for 
the discharge of air and water by ine preee n oe of aerrioe 
connections fire hydrants. ^Dead-ends* to rn a in s 

should be avoided if possible, and senrioe m ai n s shoold 
be arranged in *ring’ formation or interconnected in the 
form of a network. A ring main is not necessarily a o^- 
circuit, it is more than a series of cross connections 
W a complete circle is the ideal. W^re it is not possible 
to avoid a dead end, frequent flushing out will be neces¬ 
sary for which a washout or a fire hydrant should be 
provided. Wash-outs should not discharge directly into 
a drain or sewer, or into a manhole or chamber directly 
connected thereto; an effectively trapped chamber must 
be interposed, into which the wash-out should discharge 
through a flap-valve. 

Mmns should be laid with a cover, measured from the 
top of the jupe to the surface of the ground, of not less than 
3 ft. under roadways, and not leas than 2'-6' (min. 2'-0') 
dMwhere. Mains should not be laid in ground liable to 
subsidence, but where such ground cannot be avoided, 
special precautions should be Uken to minimize damage to 
the piping. 

Trunk mains should be planned so as to avoid main 
streets and points of traffic congestion and should be laid 
on one side of roads. As far as practicable all important 
mains should be laid in duplicate so as to avoid the risk of 
the supply being totally cut-off in case of a burst or repairs. 


Lay-out of Pipe Lines. There are four systems of 
laying the distribution pipes : (i) Tree or Dead-end System ; 
(it) Grid Iron System; (iii) Circular or Ring System ; 
utd (ie) Radial System, llie type of lay-out system of 
pipes to be adopted depends upon the topography of the 
town, and the location as well as the elevation of the source 
of supply. No single system of lay-out is perfectly satis¬ 
factory a combination of two or more sjrstems has 
gener^y to be adopted according to the lay-out of the 
town. It has been stated earlier that the town should be 
divided into high and low level zones or districts. Thoe 
level zones should be further divided into separate supply 
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blocks consisting of about 2000 to 3000 houses each in 
built-up areas. The lay-out of the s^tem should be so 
designed as to have the larger sub-mains pa ss i n g through 
portKMis of the greatest demand and connected to the 
supply main in as direct a route as practicable. 

In long narrow districts, the most economic^ plan is 
to run a trunk main through the centre of the distiict. of 
gradually decreasing «ze according to the reduced demand 
M-ith small branch mains taking off from it. In wide roads 
where supply will be required on both sides, it is better to 
lay duplicate service mains, one on each side of the road, 
and mains and branches interconnected as far as possible 
so as to avoid dead ends. Where a single main in laid, 
the whole supply will be cut off in case of repairs. 

Where the supply districts are more or less square and 
the streets ore laid at right angles, the mains sho^d either 
pm«w through the centre of, or laid round the periphery of, 
the distribution districts. Where centrally laid separate 
reservoirs are provided for each district or zone, the supply 
pipes should be laid radially taking off from the central 
res er voirs and joining with a sub-main laid round the 
boundary of the district. As far as possible, large mains 
should be provided at intervals of from J to one mile apart 
and cross ccmnected and the areas filled in with smailer pipes 
so as to form a grid or network of pipes. No district should 
depend upon a single main and supply to any point should 
be ensured from at least two directions, and circulation 
of mains should bo aimed at so that water ia avaUable from 
all directions. Feeders may ^ joined with the mains with 
small pipes of about 3-in. dia. 

In working out a project it is necessary to start at the 
consumer’s end and work backwards. It is usually dif¬ 
ficult to calculate the sire of distribution pipes and pmiw 
with accuracy except when a single trunk main is laiiL 
Probably maximum demand should bo calculated for each 
district and the size of main fixed accordingly. (See farthw 
under ^‘Losses of Pressure in a Distribution System .) 

As far as practicable, the underground service pipe 
should be laid at right angles to the mi^ and in approxi- 
niately straight 1 «h«w to facilitate location for repairs. A 
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Etop^Talve should be provided in the eerrioe pipe m im 
■^^ce^^bLe position just outside the building, so thnt tbe 
supply may be readily ahut off in case of trouble and foe 
repairs. Where the service pipe ie less than 2-in. bore^ 
all tbe stop-valves abould be of the acrewr-down type, 

Kules for fixing of valves have been eiplaiued uixleT 
^'^Valves, Meters and Taps." in the pages following. 

The pipe lines should foUow in ^neral the profile of the 
ground or^ should be laid well bdow the hydrauHe grade 
line as far as praeticablo, the cloeer the pipe to the h.g.L 
the lower will be the pressure in the pipe^ High preesuree 
at steep slopes can be avoided by brosidng the bydnulio 
grade line w'ith overflows or auxiliary reservoirs or by 
installing relief valves. No section of tbe pipe Une ahould 
be more than 20 ft. (max. 25 ft,) above the hydruilie 
gradient at that section, as otherwise vacuum will be form^ 
and flow will cease. Where a water main goes above 
the b,g.h by more than 20 ft., pumping wiQ have to he re¬ 
sorted to, to keep up the pressure. 

Supply Fresstire. Tapa should have a noidiial bead of 
5 ft. mmimuiQ (2 ft, at all cisterns) and ahouH ptefenHy 
be 20 to 25 ft, to ensure ampte sup^y under good pceeeure. 
No domeatio aorvioe pipe should be Im than f' dta. except 
when the pmesure is very high, it may be Avoid 
preesurea above lOQ Iba./sq. in. in the mains. (Also aae 
Under ^^Preparation of Project Bstimates'* and ‘^Honic 
Services”), 

Strength ol Pipes; 

PrtMun of WaUr In Pifm* = 0.4335 in Iba./sq.in, 
H=hesd of water in feet. 


.Burj^in^ Presntf'e tn PIpej : Internal diametral pronure 
tending to burst the pipe prcxinces a streSB of — 

Pxd , , 

—^ Iba./aq.iu 

LoDgitudinal stroos u :~ 

Pxd „ . 

— 4 ^ Ibs./sq, in. 

F=Water pressure in Iba./aq. in,, d=dia. of pipe in 
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mcbea (loddc)^ t^thidLn«a of pipa wail m mchn. 

RittUd Steel Pipes ; t= 

T^hero : 

t=thi<fkneaB in inches, P=total pressura in Ibs./aq^ in. 
(inclndes oUnwance for water hamnaer), d=dia. of pipe in 
inches, f=safc working straw in Ibs./aq. in,, e=s efficiency 
of longitudinal joints. 


For riveted lap joints, take efficiency of the joints as 
55 per cent for single and 70 per cent for double riveting. 
For a triple riveted lap joint, efficiency is taken up to 8^ 
per cent and for a lock bar joint JOO per cent. Strength of 
welded pipes is taken at 00 per cent. Thus, a thicker plat* 
is required for a ri veted pipe than for an all welded pipe. 

Steel riveted pij^ have generally a single row of rivets 
at the ciroumferential joints and two rows of rivets along 
the longitudinal joints, as the diametral pressure ^ tending 
to burst the pipel is double the longitudinal tension in the 
pipe. 

The value of t found from the formula is taken to the 
next larger sixteenth of an inch and then 1/1 fl' is added to 
allow for corrosion. In large pipes under small pressure, 
the thickness of metal computed must stiH be inereased 
to give the pipe the necessary stiffness. The usual praetico 
Is to have platee thick inclusive of an albwance 
of 1/lfl' for corrosion. 


JI. C, Pipes : 

_F>tdxl2 
^ 2x15000 


sq, in.; 


Pxdxl2 

4x16000 


sq. in. 


Ac= area of droumferential reinforcecnent per ft. run. 
Al=flrea of logitndina] reinforcement per ft, run, 
16000= steel reinforeement fibre Btresa, 


^pocin^ of Pipe Supports : 

A footing structure ahaped to fit the pipe it supports is 
called a cradle^ 

Stress due to bending is ; 


fb 


awL> 


2Z 
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L=distance between supports in ft., W=total load 
(pipc+watcr) in lbs. per ft. run, Z=8ectioa modulus of“ 
pipe in inches, (steel ares in R.C. pipes). 

Longitudinal fibre stress due to water pressure is t 

Xd 


“4 


Total stress =fb+ft 

/ 2Z / FIX 
whence L=^ 3W4t/ 

Take f= 11,000 Ibs./sq. in. for steel pipes, 
8,000 „ „ W.I. pipes. 


Z= 


IK—d« \ 
32\ D / 


where D is the outer diameter of the pipe in inches. 
Bending Moment in Pipes : 

Taken as thin elastic ring loaded uniformly on 
diameter : 

BM= D is external dia. of ring. 

Time for Emptying a Water Tank : 

With a round hole at the bottom (well rounded or bell 
mouth). 

^ Av'^H T=time in minutes, H=ht. of water in ft., 

* ~ 200a A=area of water surface in sq. in., a=area 

of hole in sq. in. 

(Ab«o see under "Hydraulics”) 

Water Hammer or Surge Pressure : 

Water hammer is the momentary pressure produced 
by the sudden stoppage of moving water in a closed con¬ 
duit or pipe and is usually much in excess of the normal 
static preM.Hure. This is caused by the too rapid closing of a 
Tslve or the sudden starting of a pump. 

Allow pressure due to water hammer as follows in 
addition to the static pressure in pipes : — 


Di*. of pipe in ina. 

9 to 10 

12 

1 18 

20 

24 

90 

98 

40 to 00 

rrsMuroin 
}bs./*q. in 

120 

ll6 

iH 

** 

1" 

80 

78 

70 
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For fnnall pipes the operation of hydrants and large 
branches has a relatively great influence on the system. 
For pipes under heavy pressure, where hammer preasore 
would be small in proportion to the static preaeure, no 
hammer allowance need be considered. (If valves are 
closed slowly, hammer pressure is considerably reduced 
but this is not alw'ays practicable, hence allowance for 
this pressure). Water hammer can be guarded against by 
the use of a tower surge tank or standpipe at the end of the 
line, or relief valves. At pumps and plumbing systems, 
air chambers are placed at or near the closure points to 
absorb the shock of water hammer. 

Veloehies in Mains should not genenlly axeaed : 


(with max. 

3 ft. /sec. for 4' pipes 

4 . 6' .. 

6 . 10 ' .. 

6 »« .» .. 16' „ 


of 10 ft./acc.) 

With high velocities 
in small mains loss of 
head by friction is ex* 
cessivc. 


7 .. M service pipes. 

Velocities, how’cver, should be high enough to prevent 
deposits of silt in the pipes ; 2 to 2} ft./sec. will be satis* 
factory. 


Max. Economical Velocities given by Fanning for Long 
Water Mains 


D 

4 

6 

8 

10 

12 

14 

16 

18 

10| « 

*4 

27 

SO 

32 

V 

2.S 

2.6 

3.0 

3.3 

3.S 

3.0 

4.2 

4.5 

4.7| 5.0 

5.3 

6.6 

6.2 

6.5 


D is diameter in inches, V is velocity in ft./sec. 


Unwinds formula for finding out the economical veloci* 
ties in town water supply mains :• V=l.4.5d-i-2 
d is dia. of pipe in feet; V is velocity in ft./sec. 


(Opacity of Supply Mains 

Main.s should be capable of a rate of flow suflieteot to 
satisfy the combined maximum demand of all the services 
to be supplied. All the maximum demands of the separate 
services may not occur simultaneously, therefore, it is 
generally considered that the carriage capacity of mains 
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should be three tunes the average hourly demaod of water 
ood that of the serviee pipes should be twice the average 
demand as has been stated earher. The maximum hourly 
demand may be from 2 to 3 times or more of the average 
hourly demand. (Abo see under ^■Distribution of Water'/). 

For the design of cast iron w'ater mains an allowance 
BhoiUd be made in the diameter for the merustations that 
will occur in course of time and will decrease the discharge. 
It is always difficult to dotormine how far it is desir^ 
able to allow a larger size of pipe on account of the in^ 
enutation. In some cases pipes corrod rapidly, in others 
they may remain permanently as smooth as they w'ene 
first laid. A common rule is to calculate the size of the 
pipe enquired when clean and add 1 inch tq the theorotloal 
diameter^ *Tifl then to supply the commercial size which is 
next larger to that dimension. The carriage capacity of 
the new pip^a should^ however, be 30 to 46 per cent more 
than the intimated capacity. 

Senplflg of Pipes* Although sempmg of pipes increases 
thdr carriage capacityt but unfortunately, the scraped 
pip^ tend to become encrusted agw more rapidly than 
before owing to the damage caus^ to the coating* The 
water is discoloured for sometimo after the scraping has 
been done. If scraping is undertaken, either the pipes 
should be lined ofterwa^ or scraping done Again at fre¬ 
quent Intervals. 

Pipe Trenches. The sides of the trenches ehuiild be 
sot nearly vertical as possible, the width at the bottom 
bang at least 18' wider than the socket of the mpe so as 
to allow room for ramming the refilled materi^ Width 
of the tranches may be aa follows : — 

3' to 6' pipes ** 2'-—0' Micumum w'idth of a pipe 
7' to 9' pipes * * 2'— 6* trench ahould be 21' even 

10' to 12* pipes * * 3*—O' for the smaller P^P^r to 

facilitate working 

Where joints are to be made the trench shouhl be wide 
enough for the jointers to work. Where wide excavation 
la not permissible such as in roads and streets, shoring u-Ul 
have to be resorted to. The excavated matcnal should be 
thrown on to one aide of the trench and pipes stocked 
Oa the other side. 
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PIpo Uytog. Cast iron with spigot and socket-lead pint ; 
All fnpcB and fittings should be sounded with a light haimiier 
to detect any cracks, before laying. Work should bo oom- 
menced from the cmi furthest from the source of supply 
and upwards from valves and other specials. Sever^ 
sections can be [aid at the same time. \Vbere there is 
gradient^ pipe laying should proceed in an ^“up-hill" dineo- 
tion to facilitate joint making. Pipes should be Laid with 
their sockets facing up-hill irrespective of the direction of 
flow on inclines. Pipes of large diameter should be laid 
with a minimum rise or fall of \ in. (preferably ( in,J in 
12 ft, to ensure that air travels to the air valves. After 
laying, the open end should be plugged to prevent access 
of animals, soil, etc. When pipes are laid on brick pillars^ the 
socket should be well deer of masonry to allow the lead joint 
to be caulked. Any deviation, either in plan or elevation of 
less than 11^ deg^ should usually be effected by laying the 
straight pipes round a flat curve of such rad ius that the 
minimum thicknees of lead at tho face of the socket \a not 
reduced below or the opening betw'een the spigot and 
socket incroaeed beyond joint. A deviation of 

about 2|-deg. at each jo int can be effected In this way- The 
spigots should be carefully centered in the socket by one or 
more laps of (at least | in. diameter) hempen spun yam 
with aliont an inch of ovarlapt sufficient yarn only being 
forced into the socket to leave a correct depth of lead. 
The object of the use of vam is to centre the spigot in the 
socket, to prevent the flow of molten lead into the bore of 
the pipe and also to reduce the amount of lead raqpii^ 
to completo the jioint. The proper depth of each joint 
should ^ toated before runuiug the lead by passing com¬ 
pletely round it a wooden gauge notched out to the oorreor 
depth of lead. The objection to the use of spun yam is 
that in time it rots, ten^ to become infected with bacteria 
and which may contaminate the water. 

Laying and Jointing Cast Irou Water Mains 
(Also described in the Section on ^*Sewerage"}. 

Joints. Cast iron pipes are suppbed with thrwe kinds 
of jolnto : (»} flanged (bolted); (») turned and bored 
[Bpigut and socket); and (ift) spigot and socket (lead). 
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Also called spigot azid bell jointo. 

Flanged Joints. Pipes are made with flanges which are 
jointed together with bolts and nuts. Such joints are 
used in pipes for (•) valve or meter connections which may 
have to ^ remov^ for repairs, (ii) vertical, inlet and 
outlet pipes of reservoirs, (iii) for pipes where pressure is 
high, (ip) in suction pipes of pumps where a close joint is 
wanted to prevent air being sucked in, and (r) where there 
are vibrations. Flanged joints, in general, are used for 
inside work or for connections in confined or vertical pod* 
tions. Packing ring or gasket (washer) of rubber, leather, 
compressed fibre board or gutta-pen^ smea^ with 
graphite paste or a mixture of red and white lead is placed 
between the flanges of boUi the {upes and nuts tightened 
in opposite pairs. Size of gasket is 1/16* thick for 8-in. 
pipes and smaller, and thick for bigger pipes. 

Turned and Bored joints. In this type of joint the 
ins i de of the socket and the outside of the spigot are turned 
to an accurate fit with a alight Uper. No lead or other 
jointing material is used and water-tightness depends 
•oMy on the perfect fit between the tapered raaemned 
faces of the socket and spigot. The ends are smeared with 
red lead and driven home by blows of a wooden mallet. 
A s m a l l amount of either cement or red lead is caulked 
into the reosss provided towards the outside edge of the 
socket as an additional safeguard against leakage. These 
jointa are absohitely rigid and do not lend themselves to 
any deviation from the straight line or any expansion or 
ooQtraotioa, and cannot be laid to curves. Turned and 
bored joint are more economical and require less skill in 
laying but are not much used now-a-days. 

^Igoi and Socket Joint lead caulked is the most com¬ 
monly used and lends itself to expansion and contraction 
ozider moderate changes of temperature and slight settle- 
mMits which occur with buried pipes. Curves of large 
radius can be built with straight pipes by deflecting each 
joint slightly. 

The alignment of the pipeline b first marked on the 
ground by stakes driven 100 ft. apart on straight lengths 
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and 25 to 50 ft. apart on curves. 

To lead the Joliiti. The pipes most be clean and abeo- 
lutelj dry, or else, the lead may sputter and blow out and 
the joint be spoiled. The pouring of molten lead in the 
joints can be done by using proper leading rinra of metal 
or asbestos, with clamps, or if these are not available, make 
a wrapper of spun yam (or a ring of hemp rope) worked 
up with clay having the consistency of putty. This should 
be about 3' wide and thick and 4' longer than the dr- 
cumferenoe of the joint. Wrap this round the joint with 
the overlap on top and make a V*shaped large hole in it. 

is poured in one operation only. Srip off the wrapper 
when lead ha« hardened and use it for the next joint. 

When a section of a few hundred feet is leaded, the 
PAiilki n g will be put in hand. Each gang of caulkers should 
consist of at least four blacksmiths, ^ working on the 
same joint at a time. For large pipes it is also necessary 
to leave one or more air vents around the lower half of 
the joints. The lead should be rendered thoroughly fluid 
heated to a temperature such that when stirred it will show 
a rapid change in colour. Scum shall be removed before 
pouring, and each joint filled at one pouring. Sometimes 
a little powdered resin is sprinkled on the molten lead and 
the latter shaken. The resin acts as a flux and keep* the 
lead in a liquid form. If the pipie is too large for the joint 
to be filled from one ladle, two or more ladlM can be used. 
Lead shrinks c<Miaiderably on solidifying. Lead should 
be caulked only sufficiently tight with a harui hammer 
weighing not less than 4 lbs., to pjrevent leakage as a 
lead joint excessively caxilked will become rigid. Lead 
joints should be f inish ed | in. inside the face of the socket. 
The lead used shotild be soft and free from admixtures of 
tin. Blue png lead makes good joints. Lead wool (or 
shreaded lead) instead of molten lead, should be used in 
wet locations. 

Bfixtures of «M»-nd or fine stone dust and hot sulphur in 
equal pnopwrtions are sometimes used instead of lead, and 
the same method and pnocess is followed as for lead caulked 
joints. Proprietary materials are also available which are 
melted on rKo job and p>oured in the jc^t instead of the 
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]e^. CoJS.t iron pipes can also be jointed with asphalt or tar 
miied with stone dust or eenieiit, Joints leak or 'swcit* 
slightly at first but tighten up in a short time. Rigid ^ints 
should not be uRcd to connect a newly laid line to an old 
one as the Bettlement of the new line will cause a broken 
pipe. 

FLeilhQlty of JoJuts* Poured and lead wool jotata 
permit some movement for expansdon and contraction^ 
and the pipes can also be laid on the sweep round curves 
the min^ radii of which are approximately :— 

220 n. for 3' pipes, 260 ft. for 6' pipes, 380 ft, for 9* japes. 
These figures are based on pipes & ft. long, for pipes 12 
ft. long the minimum radii should be increMcd by 33 
per cent. 

It is advisable, if jiossible, to avoid sharp bends such as 
90-deg. and 45-deg*, and in soft gronnds, it is better not 
to put two bends tojgether bat to separate them by a length 
of straight pipe. iTirast is exerted at bends when a pipe 
Is under pre^iure, A concrete block shoold bo provided 
under a bend In soft grounds except in the case of small 
pipes under low pressure. Where the hydraulic thrust 
is in an upward direetjon, anchor^blocks of sufficient weight 
shotild be formed to which the pipes should bo secured 
with steel straps. 

On a steep hill Bide the cumatatire weight of the pipes 
may be so great as to injure the joints. To remedy thiir 

pipes ahoidd be anchor^ at intervals to masonry plHara. 
Ao supply pipe or distributing pipe of wrought iron or 
steel should be laid under the ground unless it is properly 
pmtectod from corrosion. This can be done by covering 
with earthenware pipes properly jointed^ or hessian wrap¬ 
ping impregnated with bitumen may be used. 

TestlDg of New Pipe Llii«i 

After each section of the pipe line has been laid, ft 
Rhould he tested for water-tightness before being covered 
in. This can, be done by dosing each end by means of a 
watertight expanding plug of which there are several types, 
or a valve, and fiDibg the pipe-line with water. The 
presflure can be raised hy moans of a Email hand force 
pump or hydraulic pressare pump tiD it registers 25 per 
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cent above the highest working pressure, on the gauge. 
Some engineers reconirocnd that the test pressure shoukl be 
50®/o in excess of the normal working pressure. Each 
section to be tested should be slowly filled with water, 
care being taken to expel all air from the pipes; if neces¬ 
sary the pipes should be tapped at high points to expel 
the air. The pressure should be applied for half-an-hour, 
and all pipes, fittings, valves, hydrants, and jointe care¬ 
fully examined for defects. The test pump having been 
stopped, the test pre*wure should maintain itself without 
measurable loss for at least half-an-hour. 

No pipe installation should be accepted unless the 
leakage (evaluated on a pressure basis of 150 Ibs./stj. in.) 
is less than 86 galls, per 24 hours per mile per inch dia¬ 
meter of pipe of.l2-a. lengths and proportionate for other 
lengths of pipes (due to joints). Leakage is generally 
due to the newly made joints. 

All pipes and fittings arc tested under a pr^^ equal 
to twice the maximum working pressure. While under¬ 
going the test, the pipes are struck with a small hammer to 
detect any leakage through cracks. 

Leaka^ tests on cement joints should be made after 
at least 2 weeks and on sulphur compound joints after 4 to 
5 weeks. Leaking lead joints should be^ recaulkod and 
sulphur compound or cement joints showing more than 
alight sweating should be cut out and replaced. Re-done 
joints should be retested. 

Sendee Connections from Mains 

The pipe extending from the distribution naain^ to the 
consumer's meter is known as the "service pipe ; th^ 
portion of it lying aithin the consumer’s premises is termed 
the "supply pipe". 

It is often necessary to take a service connection off 
a main. To do this without stopping the floy*^ special 
equipment is used. The operation consists in drilling and 
tapping a hole in the main, and afteiwords screa'ing in a 
brass ferrule within a watertight box; the service pipe is 
attached to the ferrule. Whenever possible mains should 
be tapped at the side and not at the top. The curvature of 
the pipe restricts the sire of the branch which can be 
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tAkcn off any given size of the main. The diameter of the 
branch should not exceed Jrd the diameter of the main. 
Over 2-in. holes are not generally tapped into the mains 
to avoid weakening them. 

The maximum size of ferrule which can be used safely 
is limited to | in. with 3-in. mains, | in. with 4-in. mains, 
and 1 in. with 6-in. mains. The effect of the holes drilled 
for ferrules in weakening the main can be reduced by drill¬ 
ing the holes at 45-deg. to the vertical instead of on the top 
of the pipe. The ferrule should be so set in the main that 
the service pipe leads off in line with the main before curving 
round right-handed into its proper course, it allows for 
any settlement of the pipe, which will then tend to tighten 
rather than loosen the ferrule in the main. Screw-down 
ferrules are used. The ferrule is | to ^ in. less in diameter 
than the pipe and the pipe can then be stepped to in¬ 
crease the discharge. 

A short length of lead pipe (say about 2 ft.-6 iiL) or 
“gooseneck” is used to make a flexible connection between 
the service and the ferrule cock. Unless flexibility is pro¬ 
vided, unequal settlement will break the service pipe from 
the main. Wiped lead joints are used for connections. 

For making connections in asbestos-cement mains, 
special saddles may be affixed before the ferrules aie 
screwed in. 

Cutting east iron and stoneware pipes. A line is marked 
around the pipe where it is to be cut. With a chisel held 
radially on the line strokes of moderate strength are given 
by means of a hammer in quick successions moving the 
chisel each time a little further round the line. This must 
be done very carefiiUy and heavy blows avoided. 

House Services. For an average house with about 15 
inhabitants the service main shouM be of 1* dia. with 
and y branches. For smaller houses, no domestic service 
pipe should be less than f* dia. except when the pressure 
i* very hi^ it may bo J*. The delivery from the pipes 
should be as follows : 


Dia. of pipe 

*' i 

r 

1' 

H' 


2* 

Dia g«I1a./mt. 

2 1 

4 

e 

10 

15 

S5 
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SeeomrnendedSlieolSBmeePtP" lor Boom 


Clan qI Buitdiug 

bousB point 

too^ 

flO' 


lO* 

OrdinOiy linKte family dwcH- 
in« $ to S and not 

UMTS t^ksn 10 room*. 

M' 

r 

r 

r 

dwvTliug with aacjilt 

To roocna. 

ir 

If' 

1*' 

1* 

Foot spsrtment biiildirig with 
Bbont £4 rotsOL 

2' 

It' 

ir 
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Tipa Rhould be bo pltwsd that thare is no i^k of wij 
oontiumiiation of the water supply by back-«iphon*gc. 


rtlTADized wrought 

but they ore toore 
Lead pipee 


Service pipee getwreHy are of 
iroiL Lead pipes e™ used 

expensive and heavy although very loetu^. t ^ 

arTUsble to cause lead poisoning ex^ained 
Wrought iron pipea are cheap and light and are easily 
jointed by scroaing them to coupling. 


The number of branches of a given sixe that can ^ 
supplied by a delivery main may be obtamed from the 
following table :— _ 
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Fittiiigs for Senrlee Pipes 

Stop-Cocks. In every case a stop-cock should be pro¬ 
vided within the boundary of the premises between the 
street main and the building situated in a convenient and 
accessible part of the premises, and it should be enclosed 
in a proper iron box with a hinged cover. In big build¬ 
ings another stop valve should be placed on the service 
pipe just Inside the building as that would help in case of 
repairs. 

Benda are manufactured to certain radii (about 20 sizes) 
varying^ from 1 to 20' internal radius, and 4' to 40' 
long.^ blight bends can be made on the site by cold- 
bending a tube. Sharper bends can be made by hot- 
bending, but heat spoils galvanizing. Wrought iron pipes 
may be bent through angles not exceeding 45 deg. but 
pipes of more than 2' diameter cannot be bent to any 
great extent. 

The following are special fittings :— 

UnionB— Sockets or pipe. 

Elbows—Square or round. 

Tees—All three pipes can be one diameter, or with 
the stem of different diameters &om the 
cross-piece. 

Crosses—With all four pipes of one diameter, or with 
two pairs of different diameter. 

Sockets—Plain or diminiiihing , 

Cepe—For closing a pipe end. 

Flugs—-For closing a socket-end. 

Back-nuts—with long screws to prevent back move¬ 
ment of the socket and leakage. 

Nipi^es—For making junctions when a hole is tapped 
in a main for a branch pipe. 

Flanges—For connections to tanks, etc. 

^For cast iron pipes the standard specials are : 90®, 
45 ,22J®, and 11|® bends, equal and reducing 46® branches 
tapers and collars. (B.SB. provide for 5J® bends as well) 
A 90“ bend is also called J bend, and a 45® bend 4 bend and 
so on. 

Firs Hydrants. May be located at distance apart of 
about 500 to 1000 ft. and with an area of about 40,000 sq. 
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ft. to 100,000 sq. ft. according to the density of population 
and importance of the locality as regards ita protection 
against fire. They should be provided at all mains and 
crossings. Residual pressure recommended at the fire 
hydrants is :— 

With pumping engines .. .. 10 20 Ibs./sq. in. 

For direct flow from hydrants .. 60 75 Ibs./sq. in. 

The minimum rate of flow required to deal with a 
substantial fire in a small house is about 200 galls, per 
minute. 

Hydrants are of two types : Pillar or Post Hydrants and 
Sunk or Flush Hydrante. Pillar hydrants are conspicuous 
and easilv located and the hose can be speedily manu- 
pulated on them, but are an obstruction on the road and 
in the way of traffic. Vertical pipes are screwed on the 
sunk hydrants when required, and hose pipes fixed on to 
them Hj'drants can be bolted direct on to the flanged 
tees of the main with pipes 3' to 6* diameter (prefer bigger 
size) and should be located at street intersections. Common 
arrangement of hydrants is recommended to be one 
connection for fire* engine pumper and two 2J' connwtions 
for hose ouflet. A flow of not less than 150 gallons a 
minute U necessary. Prefer 250 gallons through a H' 
pmooth noxzle. Velocity heads in the jeto iwuing ^m 
the hydrants can be tested by means of hydrant Pitot 
tubes. 

Fire Stand-pipes insids buildings. The diameter of the 
«UikJ pipe .hould be 3* to 4\ The branches for iiuide fire 
vaivM should be U' sUe. The valves rtouM he of the full 
wEterwAV or pEttern. The fire hoM should bp sblc 
to stand a pres^sure of 400 Ibs./sq. in. and be of size. 
Every fire hotie to be provided with a nozzle 1 to 1| 
opening. 

Losses of Pressure In • Distribution System 

The determination of the pipe pressure lo^ in a 
distribution system by computation is complicated and the 
result is uncertain, ’implicated networks of pipes per- 
mitting flow by many routes are often treated by approxi* 
inations or by trial and error. The compound pipe method 
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offers an appreciable degree of preciaicMi and is described 
below : — 

The diameter of the pipe equivalent to all of the pipes 
in the system is first to be determined and then the head 
loss in the system will equal to the head loss in the equiva¬ 
lent pipe. A pipe is said to be equivalent to one or more 
other pipes when the head loss in the pipe is equal to the 
head loss in the one or more other pipes for the same 
rate of flow. To determine the diameter and length of 
one pipe equal to a “series" of pipes, the following pro¬ 
cedure is to be followed : 

(t) Assume any convenient rate of flow through the 
senes of pipes and find the sum of the head losses through 
all of the pipes of the series for this rate of flow'. 

(ti) l^nd the diameter of one pipe of any convenient 
length which will carry the rate of flow assumed in the 
preceding step for the same total loss of head. This is the 
diameter of the equivalent pipe. 

To determine the diameter and length of one pipe 
equivalent to a number of pipes connected “in parallel", 
proceed as follows : 

(i) Assume a total head loss between the two points 
at which all of the pipes are connected. This head loss is 
the same for each pipe of the system. 

(tt) Find the sum of the rates of flow through all of the 
pipes of the system for the assumed head loss. 

(ill) Find the diameter of one pipes which will .carry 
the sum of all the flows in each of the pipes of the system 
at the assumed head loss. The len^h of this one pipe 
may be any convenient figure. This is the equivalent 
pipe for the system. 

If both series and parallel pipes are connected to 
each other in a distribution system, they should be studied 
separately and then the equivalent pipes combined fmally 
to make one equivalent pipe for the entire system. 

In the case of the ring system of distribution, in practice 
it is sufficient to assume that the maximum loss of head 
in the ring ma-in hrom the point where it is fed to the neutral 
point, is that doe to a flow equal to half the peak flow fed 
to the ring, passing through a length of pipe equal to ono- 
half of the circumference of the ring. 
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To fii>d the diameter of a pipe of given length to ddiver 
a given quantity of water under a given head, ut^e the fol¬ 
lowing equation : 

where : 

d=dia» of pipe in feet, 

\ h / Q=diacharge in cubic 
L=length of pipe in h=head in ft. 

Derivation from Manning formula for lota of bead 
doc’ to friction in pipes (Also see under ''Hydraulice"^ 
AL V* A-^2.aS n‘- d is in ft 

~ ^■'d* hfL ia actual slope of pipe. 


Malaridl 

Valuv of A 

n 

Clw) ^o«t«d ('a«t iron 



0,00042 

0.012 

Clean iiui;Oatcd cnat iron 



0.0004B 

O.OJO 

Rivtted ateel , , 



0.0006« 

0.0J5 

Galvanized iron 



O.OOOfit 

0.014 

BraA, enpper ■ ■ 



0,00020 

O.OlO 

Smooth cpncivto . ^ < ■ 

., 


0.00042 

0.012 

CcnHmt mortar finish 



0.00048 

o.on 

Vitrifiod sevff jiipo 



0.0003J 

o>on 


Pipe dia. in 
ins. 

Value of '{■■'d* 

Pipe dia in. 
ina 

Value of^d* 

1 

O.tIjEH 

24 

2,62 

n 

O.OS25 

30 

3-30 


0,001:1 

30 

4.33 

2 

0.167 

42 

5.31 

4 

0.231 

43 

0.36 

0 

0.307 

64 

7.43 

0 

0,082 

00 

0.50 

IS 

i.ooo 

00 

0.71 

IS 

1,720 

72 

10.00 


Delivery in gaUona per minute through a pipe of d 
inches diameter in approximately =2Vd*, 


Box's formula: 



H 


LV« 
1600 D 


where; Biction losses in ft. ; G^^discharge in 
galla. per minute ; L ^ length of pipe in yards ; d es 
dia^ of pipe in inches; D ^ die, of pipe in ft, ) 
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Friction Losses in Fittings 

Fittings 

Equivalent length of 
straight pipe in feet 

Sluice valve, full^bore type .. 

16 

Non^retum valve, full ^re type 

20 

Foot valve, full bore type .. 

20 

Strainer 

40 

Bends .. 

15» 

00^ elbows. 

20 or SOd 

Tees and sharp or square elbows 

26 or SOd 


dia. and 45^ bend, 12<in. dia. and 22*’ bend. The length 
of pipe equivalent is increased with larger pipes and 
decreased with smaller. 


Recommended Sizes of Pipes for Various Lengths 
of Discharge Lines :— 


Length of pipe line in feet 


galls, 
per min. 

60 

100 

260 

600 

750 

1000 

2000 

3000 

1000 

5000 

10 

1 

li 

11 

11 

11 

11 

11 

2 

2 

2 

16 

U 

ll 

11 

11 

2 

2 

2 

21 

21 

3 

20 

* 

li 

2 

2 

21 

21 

21 

3 

3 

4 

30 

4 

1) 

O 

21 

21 

3 

3 

3 

4 

4 

40 

2 

2 

2| 

21 

3 

3 

3 

4 

4 

6 

60 

Q 

o 

21 

3 

3 

4 

4 

4 

6 

6 

6U 

2 

21 

21 

3 

3 

4 

4 

4 

6 

5 

80 


21 

21 

3 

4 

4 

6 

6 

S 

6 

100 

•4 

3 


4 

4 

41 

6 

5 

5 

6 

120 

3 

3 

3 

4 

4 

5 

6 

5 

6 

6 

150 

3 

4 

4 

6 

6 

6 

6 

6 

6 

6 

200 

4 

4 

4 

6 

6 

6 

6 

6 

6 

6 

260 

4 

4 

4 

5 

6 

5 

6 

6 

6 

7 

300 

4 

4 

6 

5 

6 

6 

6 

7 

7 

8 

400 

6 

6 

6 

6 

7 

7 

8 

8 

10 

9 

600 

6 

6 

6 

7 

7 

8 

8 

10 

10 

10 

650 

6 

6 

7 

7 

8 

8 

10 

12 

12 

12 

800 

7 

7 

8 

8 

10 

10 

12 

12 

14 

14 

1000 

8 

8 

8 

10 

10 

10 

12 

12 


14 

1200 

8 

8 

10 

10 

12 

12 

14 

14 

15 1 

16 

1500 

10 

10 

10 

12 

12 

14 

14 

15 

16 

16 
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Flow ol Wster In New House Senrice Mpes 

Discharye in c.Jl. ytr minuto 


ProOTore 

Main 

lb«./»q. 

ia. 


H 


Nominal internal dia. of pipe in inch** 



6 



Through 100 ft. of •errioo pipe, no back preasore 



0.6^ 

1. 


3.78 

lU.4 

21.4 

68.2 

118 

317 

40 

0.77 

2 

12 

4.36 

12.0 

24.6 

67.2 

136 

866 

60 

0.86 

2 

37 

4.88 

13.4 

27.5 

76.1 

153 

410 

60 

0.04 

2 

60 

6.34 

14.7 

80.1 

82.3 

167 

449 

75 

1.06 

2 

01 

6.97 

16.6 

33.7 

02.0 

187 

602 

100 

1.23 

3 

.36 

6.90 

19.0 

38.9 

106 

216 

579 

130 

1.39 

3 

.83 

7.86 

21.7 

44.3 

121 

246 

660 


Throu^ 100 ft. of aervioa pipe and 16 ft. vertical riae 


30 

40 

50 

60 

76 

100 

130 

0.66 

0.66 

0.76 

0.83 

0.04 

1.10 

1.26 

1.62 

1.81 

2.06 

2.29 

2.59 

3.02 

3.48 

3.11 

3.72 

4.24 

4.70 

6.32 

6.21 

7.14 

10.2 

11.7 

12.0 

14.6 
17.1 

19.7 

liA 

21.0 
23.0 
26 5 
30.0 
35.0 
40.2 

47.9 

67.2 

66.2 

73.8 

81.8 
95.6 

no 

96.2 

116 

132 

147 

166 

194 

223 

"TJT 

311 

854 

393 

446 

520 

597 

Through 100 ft. of aervioa pip* and 30 ft. vertiole rite 


30 i 0.44 
40 * 0.56 
50 , 0.65 
60 0.73 

75 0.84 

100 I 1.00 

ISO 1 1.16 

1.22 1 2.50 

1.63 3.15 
1.79 ' 3.69 
2.02 4.15 
2.32 1 4.77 
2.75 ! 8.65 
8.19 : 6.55 

8.48 

10.2 

11.5 
13.2 

15.6 
18.1 

14.1 

17.8 

20.8 
23.4 
27.0 

81.9 

37.9 

48.7 
57.0 
64.2 

73.8 
87.4 
101 

78.5 

09.0 

116 

181 

160 

1T8 

206 

2lt 

267 

842 

S5£ 

404 

479 

666 
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Length of Equivalent Pipes— 
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Loss of duo to Friction In Water Plpas 


Head Lost in Feet per 100 ft. length of Pipe Lioe 



Whan heul lost is requinKi ^>r naw ftmoofch pipes, the obove 
thoiiKl be reduced by SO per gctnt. 

































WAXES SXTPPI-X 




Low of Head due to Friction of Water flo™g through 


Dim. 


J2 

24 

27 

2B 

90 

32 

&3 

3* 

B9 

40 

42 


4B 


Dim. 1 


DiMtharge in P®' 


iom. , 

2 ' 

* ! 

e 

3 

■ A » 

10 

12 

18 

20 

3 1 

I ' 
• 

7 

3 

0 

10 

II 

40 

0 1 

3 

1.1 

0.5 

140 : 

39 

12 

3 

2.1 

1.0 

330 1 

eo 

28 

10 

3.3 
2.1 ' 
1.2 

300 1 

140 1 
30 

10 

0 

4 

2 

1.2 

220 

73 

28 

14 , 

0 

3 

i 

320 

no 

40 

20 

$.5 

3 

a 

1.0 

100 

73 

33 

18 

0 

3 

800 

no 

53 

24 

14 

6 

a.^ 

Dim 


Dimobmige in thoumand gmlla* per iitour 


ins. 

20 

30 

.0 

SO 

30 

IQO 

120 

___ 

12 

14 

13 

13 

19 

20 

21 

3.3 

1.3 
1.0 

7 

3 

2.3 

1.7 

1.0 

12 

8 

4 

3 

2 

1.2 

0.8 

23 

12 

0 

e.3 

4.0 

2.3 

1.7 

43 

22 

IS 

11 

e.s 

3.7 

2.3 

73 

33 

23 
, 17 

10 

1 0 

1 4.S 

103 

30 

83 

23 

14 

0.8 

8.2 

1 


DiMbmrse in thouwud gmll". 


120 


0 

3.2 
2.1 
l.T 

1.3 

1.0 


ISO 1 

200 1 

240 

S.0 1 

13 

10 

8.9 

S 

12 

3.8 

3.2 

7.8 

a.o 

8.0 

7.0 

2.3 

3.1 

3.2 

1.S 

2.3 

3.8 

1.2 

2.0 

s.o 

1.0 

1.8 

2,3 


1.0 

1.3 



1.0 



0.0 


1.2 

1.0 


280 

320 

38 

24 

38 

40 

10 

20 

23 

11 

14 

IS 

0 

11 

10 

7 

0 

11 

8 

8 

B 

4 

3 

G 

8.2 

4 

3 

2.0 

2.9 

3 

1.4 

1.0 

2 


i.b 

i.a 

i.o 


i.« 

1.2 

i.i 

1.0 


33 

35 

23 

10 

13 

n 

3 

7 

0 

3 

2.3 

2.0 

LS 

1.3 

1.2 
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CNCRUSTED CAST IRON PIPES 
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530 604 795 1050 1100 14*5 1880 2380 3ao [4l30 600Q 

500 565 730 960 1070 1340 1780 »I0 3000 387^4300 


10 
V5 

SO 

30 
40 

50 
60 
TO 
60 
» 

100 
120 
150 
260 
256 ^ 

*» J, 

350 
fOO 
450 
500 O 
350 ^ 
800 — 
OOO 
700 
600 - 
«D , 
1660 ^ 
1266 
1560 
2000 
3660 
1060 
8060 
6000 
■TOO 
HQO 
0060 
■OWO 


of 90 In Hai#* ancl Williams' formula. 

mora: ditctiarg* vrifh the saiti* hora and gradiant. 
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AQowance sbooM be made in the bore to provide against 
the loea of diBchaj;ging capacity due to intenial incniBtation 
of Ihe |dpe in the oourae of time. New cast iron pipes 
should TO designed tocarry 30 to 40 per oeut more diachuge 
than finally reqoired in foul pipes of the same sze. Pipet 
oflead;^ copper, brsae and galvanized iron are little eobjecrt 
to corrosion, therefore, do aBowiotoe need be made forage. 

Some engmeera recommend tbe following figures to 
allow for reduction in caxiying capacity of pipes due to age 


Type of pipe 

Q for which to daaign In ternu 

of reqoired diochargo _ 

UDOoated oast iron 

I.SA Q 

Asphalted cut iron 

1.45 Q 

AflpbaJtcd nreted amughi ir^ ev 


it^ 

1.33 Q 

Neat cfttcueiit or ooDctete 

1.06 Q 


Also see Haxen and Wifliama* formula under 
’Hydraulics.** 


Balafctve Dlscborglng Capacities cf Full Flpea 
or (^ulai Seven (Tdschaige vaiiec aa ^^d* appnoi). 


Din. of 
pipe in 
in. 

Relative 

diachnxging 

power 

l>)a. of 
pipe in 
in. 

Relative 

diaobargmg 

power 

Die. of 
pipe in 
nz. 

Relative 

dischargiDg 

power 

i 

.031 

4 

32 

10 

1034 

I 

.oee 

44 

43 

17 

1103 

4* 

.117 

0 

66 

10 

1376 

i 

.4S$ 

S 4 

71 

20 

1700 

1 * 

l.D 

0 

OB 

22 

2270 

ti 

1.76 

7 

110 

24 

2022 

u 

2.7fl 

0 

101 

26 

3447 

If 

4.10 

0 

243 

2S 

4140 


0.M 

10 

ale 

30 

4030 

SI 

7.60 

11 

401 

32 

0703 

» 

O.SO 

13 

400 

U 

0741 

H 

12.64 

13 

COO 

3S 

7770 

3 

10.60 

14 

733 

36 

0870 

_ 

22.02 

16 

071 

iO 

10.160 




















WATER 


16/69 


Types of Supp1y-/«<e™«™< o«i C<m^ 

'“If. 

danger of drinking n flt^ m&in^Tthe avoidaTioe 

owing to a direct supply oonstjmtly under 

of Urge storey “If two with the inter, 

premire, are l»e bahle to ^ ^ rtnin 

mittent supply, a vacuim may be crea^ u^ leakage, 

s^t«.£;ur.ss:,sn.’ ™ 

“it- .,5- rrfd:.'” ^ 

termittent supply and ™te neriod is prevented, 

are left open) dBring^e in the honaes 

but the position iB othendse. Water^r^ ^ 
wBoh is all thrown away as soon as fresh bi^P^ 

thni pring an enormous amonnt ot wwtage, 

In the intennittent sj^m, the siiefl 0 Sl^^sarily be 
in the mains and for the diatribwt^ ^l^ntrftted to a 
greater as the day's requireoM^ts ^ needed per hour 
period of 6 to S b<™ and the advantage 

niav be four times the avera^. _ towns where the 

of Ihe intermittent system a that^ town 

supply is scanty and the head ev iUowed in each 

can ^ divided into rones and^tbe water aUowea m 

icme at different hours of the day* _ 

A 24 hours supply ihouVd he prefenal und introdnoed 

where practicahle, 

5 . PIPES OF different METALS 

Cholta or materials for piping ^ 

of the piping oi ground 

the water to be convoyed and of the nature ot w » 

in whieh the piping is to be laid* 
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Cast Iron Pipes 

(LAjing and Jointing ha» been described before) 

Caet iron pipes arc the most extensively used for water 
mains as they are known to have good durability (are not 
subject to corrosion), good strength, low cost of maintenMce, 
and can bo easily tapped for maldng service connections. 
The cast iron pipe has the disadvantage of heavy weight, 
high transport costs, high pipe la 3 ring and jointing costs 
b^use of short lengths, low tensile strength, liability to 
defects, such as sand-holes and blowholes, and the rough* 
ness of the internal surface. Cast iron pipes are generally 
suitable for woilung preesures of 400 ft. of vertical head of 
water, and up to 30«in. dia., and above this size, the ^ 
of either steel or R.C. pipes should be considered. Dia¬ 
meters beyond 4 ft. are not convenient to handle and fix. 

These pipes are attacked by soft peaty waters, and 
hard waters also tend to cause incrustation of calcanous 
matter which offer considerable resistance to the ^w 
of water and consequently reduce discharge. Cast iron 
pipes laid in chemi<»lly impregnated soils, toira refuse, 
ash and cinder heaps, are liable to heavy corrosion. Cart 
iron or ordinary steel pipes perish in about 30 years in 
salt impregnated areas or coastal areas but otherwise 
cart iron pipes have been found to be in good condition 
even after use for 200 years, A lining of cement mortar 
protects the internal surface of the pipes from the corrosive 
action of waters. 


Cart iron water pipes are manufactured in 0 ft. and 
12 ft. lengths and are termed Class A, B, C, or D. J oi ^ 
are either spigot and socket, turned and bored, or flanged. 


Class A for test pressure of 200 ft. head. ^ 
Class B for test pressure of 400 ft. head. 
Class C for test pressure of 600 ft. head. 
Class D for test pressure of 800 ft. head. 


Working pres¬ 
sure (exclusive of 
water hammer 
{Hessure) should 
not exceed half 
the test pressure. 




WATK& SUPPLY 

TaW* Showing Weight oE Cast Iron 
Materfals Required Per Joint lor 
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pipes and the 
Joining them. 


Ctw* B Spigot aitd Sochi Pipa 
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S-hu, 7-iiL ll-in., and 13 in. are onoommon aizea. Lengths 
are measured over the flanges. The nsoal length of pipes 
below 12 ins. dia is 9 ft. and above 12 ins. 12 ft. 


Standard Weights of Cast Iron Benda 


Dia. 

of 

pipo 

Bends 

Dia. 

of 

pipe 

Bends 


90« 

|46*.22i® 

Hi® 

90® 

45*. 

22*», 

11|« 

ina. 

JWt. 

qtr. 

Ib. |cwt. qtr. 

fb. 

im. 

BWt. 

qtr. 

tb. 

owt. qtr 

lb. 

3 

0 

1 

1 

13 i 0 

1 

18 

22 

11 

8 

1 

9 

1 

0 

4 

0 

2 

4 ' 0 

2 

5 

24 

13 

2 

23 

10 

2 

27 

6 

0 

2 

27 1 0 

3 

4 

26 

15 

2 

21 

IS 

1 

3 

6 

1 

0 

4 1 0 

3 

27 

27 

17 

1 

26 

14 

0 

11 

7 

1 

1 

2 1 

0 

27 

28 

18 

1 

6 

14 

3 

1 

8 

1 

3 

0 ' 1 

2 

6 

30 

80 

1 

6 

16 

1 

8 

9 

2 

0 

7 ! 1 

3 

14 

32 

23 

1 

* 

19 

1 

1 

10 

2 

2 

22 2 

0 

25 

33 

24 

8 


20 

1 

7 

18 

3 

2 

1 2 

3 

23 

36 

87 

3 

11 

13 

0 

8 

14 

4 

1 

23 3 

3 

22 

38 

31 

3 

0 

26 

3 

18 

15 

5 

0 

27 4 

1 

25 

40 

34 

0 

2 

28 

3 

9 

16 

5 

3 

0 4 

3 

17 

42 

36 

2 

26 

31 

0 

14 

18 

6 

3 

20 1 6 

0 

13 

44 

41 

2 

10 

35 

3 

17 

20 

8 

2 

13 7 

1 

25 

46 

44 

2 

17 

38 

2 

5 

21 

9 

3 

15 1 8 

1 

6 

48 

47 

1 

9 

40 

3 

10 


All {Hpes should be ooated with Dr. Angus Smith’s com¬ 
position before leaving works, whidi is a standard treat¬ 
ment. The surface coating most be black with a bright 
gloss and thoroughly incorporated with the metal. This 
treatment makes the pipe rust-pro<rf and increases its life. 
Care should be taken while jointing pipes that the coating 
is not injured. 

Dr. Angus Smith’s Solution is a varnish of ooal tar, 
pitch and oil consisting of: Coal tar 112 lbs.; Paraffin 
wax, or tallow 7 lbs.; Quick lime 10 lbs.; Resin 4 lbs. 

Water TP*ina and specials are generally of Class B 
spigot and socket pipes. Cast iron pipee have also been 
deMiibed in the Se^on "Drainage arid Sewerage.’’ 
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Span Iron Pipe*. Cast iron pipes are now being su¬ 
perseded by spun iron pipes which are manufactured up to 
a diameter of 27 ins. Spun iron pipes are about three- 
quarters of the weight of vertically-cast pipes of the same 
class, the greater tensile strength of the spun iron duo to 
the doser grain allowing the use of a thinner wall than for 
that of a cast iron pipe of equal strength. Inner surface 
is also smoother than that of the ordinary cast iron pipe. 

Steel and Wrought Iron Pipes ... 

Steel pipee arc generally used for long expoeed rising 
mains especiaUy when they are of large diameters (3 or 4 
ft) trunk mains, inverted siphons, and on bridges and other 
stracture* where strmigth and least weight an required, 
and also where pressures are high (above 100 lbs.) 

Steel pil>cs are of three types—|i) riveted, {it) welded 
and (in) solid drawn. They have mostly flanged ends and 
made in long lengths (18 to 38 ft.) and have less jomts and 
are flexible but of great s^ngth. Field jointing may be 
by ooujding of sleeve or ^lit sleeve tjrpe. Special tjrpes of 
flexible and expansion joints are available with rubber 
gaskets or rings. Expansion joints are necessary for long 
lengths of pipe lines. Steel pipes up to 12.in. diameter 
are also made for direct coupling to cast iron mams of 
similar sixe. Steel pipee can be made of about | the thick- 
for small diameters and Jrd the thickness for large 
diameters of cast iron pipes; consequently saving in 
weight, transport, pipe-la>Hng and jointing^ts Steel 
pipes are less liable to breakage in transit. Owmg to their 
fleribility, which enables them to adapt themselves to 
relative changes in ground level without failure, steel 
are suitable for lajing in grounds liable to ra^ence. This 
U particularly true if the pipes are jomed by a form of 
flei^le joint, which forms an additional safeguard against 
failure. Steel has now largely superseded wrought iron. 

Owing to the difficulty of making connections or repairs 
to a pipe^line in case of a burst, these pipes are seldom us^ 
for distribution mains. The removal of nvets and the sub¬ 
stitution of a new pipe takes an unusually long rime. A 
steel pipe is very much liable to the actions of acids and 
Jkalto in w»t«r ind . ulight trace of th^ »iU frodnee 
nut end inenuteUone. The presence of neeU further 
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Tbtckness ol Steel Pipes in B>G. Gen^e Ho. 
for Vuloiis PreisiiTet uid Diameten 


Bd» 

of 

Teat Preaeura io ft. 

Eir 

2.000! i.iwo 

1,800 

1.700 1J9M, MOO 

1,400 

1,200 

'1.100 

1,000 

e 

8 


7 


8 

9 

^ , 

B a 


• - 

lid" ~ 

7 

4 

8 


i 

7 

' ^ ^ 

8 


0 

4 4 

10 

9 

4 


« 1 

6 


8 

7 


8 

' . . 

8 

0 

3 

■ ^ ^ 

4 


4 4 

6 

.. 

6 

.. 

■ 4 

8 
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»■ 

4 

.. 


6 

0 

’ ' 

7 

12 






8 

.. 

4 

^ * 

9 

0 

1* 






^ , 


a -a 

.. 

4 

9 

IG 
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2 

3 

8 

4 

le 
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8 

18 









1/0 

] 

2 

22 



L 






»■ 

** 

i/0 


860 

900 

860 

800 

760 

700 

090 

000 

660 

600 

460 

U 


A 


' ^ 

8 


A 

B B 

■ I 

10 

. i 

IG 

4 ■ 

■ ■ 


9 


8 

♦ ■ 

4 * 

S 

■ . ! 

10 

IS 

. . 

4 


. n 

6 

* 

« 

r . 


8 

. P 

IS 


■ ■ 


4 

■ .a 

6 

a ■ 

q. B 

6 

.. 


20 

2 

4 4 

3 


« « 

4 i 

4 k 

6 


fl 

k 

21 


2 


3 

-- 

4 

-*■ 

6 

■■ 

6 

- ■ 

22 



2 


3 


4 : 

i 1 

9 

i - 

8 

24 

V /0 

1 


2 ' 


2 

4 4 

4 


6 

.. 

28 


I/O 

4 4 

1 

1 1 . 

2 

8 ; 

,. 

n . 

.. 

. t 

27 

1 , 

1/0 

, _ 

1 


2 

V 4 

3 

.. 

4 

.. 

2S 

L, 

2/0 

4 4 

1/0 

i 

.p p 

3 


3 

■. 

4 

30 


2/0 


4 + 

1/0 

1 

-- 

2 


2 

,* 

$2 

“* " 

!/0 



1/0 

1/0 

* ^ 

2 

4 - 

,. 

1 

3« 

4 ■ 

2/0 




2/0 

4 4 1 

I/O 

i , 

2 

4 4 

40 


2/0 




2^0 

4 4 

2/0 

1/0 

.. 

4 4 

44 

r > 

8/0 

4 -k 



t/0 

. . 

2/0 


1/0 

■a a 

48 

^ , 

6/0 

■ 
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2/0 
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-- 

0/0 

-- 

4 4 

-- 


* + 

^ - 
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Ordlnery Trorking prtSBure fexchinva of wmJbtr haiiunar ^ii—nifw) 
Iwlf of ths te«i (nwura. but iodu Bugmoon takw per c4at 
for m a if ii dMignod for m oouUuat flm antt not enbieeted putiaolar^ 
14 abDclr and vibrstioQf, and 80 per eanl whem aro aubjeeted 

\a Tibrationi m in atm^ ud omSar caUwajt. 
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girea better nuoletm to tbe process of rtioting. CaBt iron 
withBtanda mat better. Frrah iiFater corrodes wrought 
iron more rapidly than east. Therefore* tkinner walls 
and greater susoeptihihtj to oorrosioa are likely to cause 
hi gh Tna^Titj>riaTi fw charges Slid shorteRcd life. Steel pipes 
need painting to save them from corrosion. 

The weight of wiooght iron or eteel mpply pipes HhaH 
not be leas than the following 


Bon ^ 

i' 


1' 

3*' 

ir 

S' 

' 3' 

1 *' 


fl' 

Iba/ft.j 

0.B7 

l.t 

l.« 

2.« 

tj 

3.e 

|T.e 

Iw-S 

14.3 

JS.7 


(The above weights are as usnally preaenbed. Some 
anthoritles give ali^tly different weights.) 

Steel pipes are not adapted to withstand heavy external 
and a partial vaouare caused by sadden emptying 
of a pipe may cause collapse and distortion by the on- 
balanced external pressure. Steel pipes are not suitable 
for under ground works under heavy filla* 

Steel pipee should be stored not over four tiers high, 
with I'x lS* wooden stripa not over 4 ft. apart between 
layers. 

Value of the cO'Offidjent of discharge for riveted pipes 
ia taken 20 per cent lower than that for a full welded pipei 
because of the rivet projections. 

Galvanlied Pipes of steel or wrought iron are widely uaod 
for distribution eystems, and give good service where the 
vatei is hard. With soft active waters such pipes dete¬ 
riorate rapidly and should not be used. Clalvaniz^ wrou^t 
iron pipes and fittings are used where exposed to oorroidve 
eonditions such as* the presenoe of sea water or salty air. 
These pipes can be lined with cement mortar * soeb, pipes 
will corrod and will retain carrying capacity mde- 
f inltely. Fittings should be malleable-iron screwed fittings. 

If the pipes are affected by the action of water, and once 
the eurfaoe ooaring is gone* the pipes mat very fast and the 
incrustation is very great. Friction is considerably increae- 
ed the bore considerably redneed. Jointing of G.L 
pipes is easy and thfy Are alw easy to transport and mani- 
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palate. G.I. pipa are generally manufactured in size* 
offrom i-in. to 3 -in. diameter. 

Cement Lined Plpas. Are prepared by spreadin| 
1 • 3 cement mortar evenly on the clean inside surface oi 
the pipe and then revolving it. The standard 
thickness of this coating is 1/16' for 6' or smaller; 1/8 
for 8' to 16'; and 3/16' for larger pipes. The outside 
of the pipes receive the usual coating. Such pipes stand 

corrosion exceedingly well. 

Jointing Galv. Iron Tubes and Fittings. The screw 
threads of the tubes and fittings should be pre- 

Mrved ftom damage before jointing, and should be cleaned 
and smeared with red lead in best linseed oil. Jn cases 
where the joints require it. owing to slacknew ot scr^ 
threads, cotton threads smeared with red 1^ may M 
osed to make a water tight joint. Tape and dies slmuld 
oolv be used for straightening screw threads which have 
become bent or damag^ and should not be used for turning 
of the threads so as to make them slack, this procedure 
would result in a non-water-tight joint. 

Where a steel pipe is to bo laid in a swampy or other¬ 
wise water-logged, or soil oontainii^ deleterious ot 

salts the particular length of the pipe can be i^tected 
bv first painting the steel pipe before laying with some 
composition as specified elsewhere and then wrapping 

bandage, so that this cloth will stick to the composition 

whidi has been freshly applied- . . 

Pipes laid near electric tram lines, power transmiimon 
lines el^ric raUway or power houses should be pr®^^® 
with’insulating joints at frequent intervals to guard against 
electrolysis. 

Galvanic and ElectroUtIc Corrosion. Corrosion oHoti 
nts up when two diasimUar metals in contact wite ea^ 
other are immersed in water. Such an action takes place ^ 
tween pipe® fittings of different metals such m with 
ffaivanfaod steel tanks and copper pipes, or zinc and iron. 

^ Lead Pipes are particularly suited to work 
bmldings owing to the ease with which they c« bent 
to fouSw an irregular line. Lead or leedlmed pipe are 
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permanent and their capacity is not reduced by ooiro- 
aion but they are attacked elowly by soft and very pure 
active waters and because of lead poisoning can be safely 
used only for w’aters demonstrated to be without action 
on them* Hard water, unless containing a large excess 
of carbon dioxide, does not dissolve lead but fonns a pro¬ 
tective coating on the inude of the pipes. 

Lead piping is liable to corrosion by contact with fresh 
cement, cement mortar, or concrete. L^ad is also liable 
to corrosion when in direct contact writh certain timbers, 
especially when they are damp. 

Lead and lead-alloy fuping should be jointed to cast- 
iron, wrought-iron, steel or copper pipuig by the use of 
copper-alloy screwed unions or ferrules. 

Tht action of water on lead is tested as follows :— 

A strip of sheet lead is scraped to expose a bright 
><urface, another strip is left covered with the film of basic 
carbonate formed by the previous action of moist air on 
the lead. The stripe are allowed to stand for 24 hours 
or more in separate beakers of the water to be tested. If 
the surfaces of the strips are altered, acid action is to be 
suspected. EroMon will be indicated by the presence of 
white basic lead carbonate (insoluble) in the water, and 
solvency can be confirmed by removing the strips and 
adding to the water a solution of sulphuretted hydrogen, 
when a darkening of colour shows the presence of lead. 

Lead pipes arc not suitable for hot water supply since 
they sag when heated and are not liable to recover fully 
after expansion, and also the chemical actimi of water is 
increased by heating. Jointing is done by “Wiped Joint." 
Bending of a lead pipe is best done to any curve by filling 
it with sand. 

Lead pipes do not require the usual fittings such ai, 
liends, elbows, like pipes of other metals but can be easily 
bent, bored, expanded and jointed. Lead pipes are not 
much used in India. 

Copper Pipes. Are not liable to corrosion; are easily 
bent and do not sag when hot. They are thus particalaHy 
suitable in interior work for both hot and cold supplies. 
They can be made of very thin walls and for any diameter 
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their ^-eight is much less than pipes of other materials 
and their first cost compares favourably. Copper piping 
of small diameter are jointed to other pipes by copper- 
alloy screit'ed unions or femilos. 

Cement Concrete Pipes. A cement concrete pipe would 
be affected by water having OOt g*a or f^ acid in mIu- 
\ion and a part of the cement of the bore might be dissolved 
and smoothness effected to some extent. They can either 
be made locally or Hume pipes of patent manufacture 
obtained. If properly made they are better than metal 
pipes in many respects as there is no rusting and incrus¬ 
tations inside the bore. 

The action of acids and alkalies in water is not the only 
factor that makes the bores of pipes rough. Temporary 
hard waters and waters charged with sediments l<»ve 
deposits inside the pipes which become hard incrusUtiona 

in the course of time. i 

Thickness of Plain Concrete Pipes for Water Supply 


Dia., in. 

8 

10 i 

12 

14 

le 

18 

20 

24 

80 

Tbioknesa, in. 

H 

'» 


M 

If 

1| 

*f 

n 

Sf 


R.C.C. Pipes. icJee unaer i^uivcrw* lu / 

In concrete pipes of 24-in. dia. or over steel cylinders aw 
aotnetimes used instead of rods or fabric reinforo^ent, 
with thin reinforcement cages both inside and outside lor 
nipping the concrete. This core of steel acts “ » 
tight layw. Cbnoreto ppes develop cracks, even if 
reinforced, when the tensile stress in steel exceeds 
ratio times the nltimate tensile stress of concrete used. 

Jolnto In conerete pipes. Small pipes are often provided 
with spigot and socket ends and are jointed with 
like the stoneware pipes. Large sire pipes have mo^, 
and tenon joints with collars. JoinU have been deecnoea 

in the Section on "Sewerage.” i. .uj. 

To repair leakage from a joint the earth at id 
joint is dug out, collar broken and the pipes are cle^ 
with iron brushes. Form is then made undw the 
anH cement concrete filled in it from one side until 
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Ooni«fl out fkmi the othf^r side. Concrete is then laid 
over the joint bq as to make a complete eollar. The thick- 
neaa of the collar should be at least 2’ to onsufe vrater- 
tij^htnesa. Hemp eoaJced in cement Blurry 1 ; 2 Lg wrapped 
&U round before a cement concrete coUu is made around 
the joints 

Unreinforced concrete pipes can be used only for low 
preasurea, aay about 40 to 60 ft., with 100 ft-, max., head of 
water, and reinforced pipes ap to 250 ft. head of water. 

AsbestOS'^Coment Pipes. Thia pipe is a comparative 
ncw-commer in the field and consequently its life is un¬ 
known. Adrimtages claimed for it ajo that the carrying 
eajMcity remairie sabetantially the same as when first laid 
as it has a smooth mside surface and is immune from attack 
from corrosiTe eoila and alkalies or adds in water and 
tuberculatioD; it is also bght in weight. It can be drilled 
and tapped for oonnectiona, but has not the aame strength 
or suitability for threading as iron and any leakage at the 
thread will become worse as the time passes. Leaks are 
very diffioult to detect and repair. Absaatoa. cement 
pipes are fragile and cannot stand heavy impacts and 
blows during handling, carriage and laying, and are un¬ 
suitable in aituations subject to vibrations and subsidence. 
Jointa are made with collars and two rubber rings, 

6. VALYES, METEKS & TAPS 

TalTea, Functions of various types of valves used 
in a water distiibutioa system are described below :_ 

Slulos valves are the commonest and most important 
as they control the flow of water in a distribution system, 
and are provided at the point of connection of one main to 
another. Whenever a amail pipe branches from n large 
One, the former is provided with a valve. The larger pipes 
need not have valves at each junction with Bmall pipes. 
Valves are generally placed at street corners where lines 
intersect, a valve in each line at each intersection. Valvq 
must bo numerous and shouH b* spaced at short intervals 
in order to caiue the nunimum dieloeation of the servioe 
if a portion of the pipe line has to be shut off. Servioe 
niBias shonld be fitt^ witb a valve at each end of a street 
and not more than quarter of a mile if it is a long onCj anH 
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branches at 1000 to 1200 a. Valves on the “ron” of 
large mains should normally be half-a-mile to a mile ap^. 
depending upon circumstances. The nominal siw or a 
valve is generally three-quarters of that of the main; the 
valve may have an area equal to half that of the pipe 
without much loss of head. A stop-cock or sluice valve 
is fitted on the outlet pipe from each reservoir. Sluice valves 
are used on cast iron mains and screw-down 
on wrought iron pipes. Sluice valves are also called Stop 
valves or Gate valves. Each valve should be provided w’lth 
a cast iron valve box, or a pit built around it ; gene¬ 
rally over 12-in. site are placed in masonry pits. It is 
highly desirable that all valves in a sjwtem shut-off in 
the same direction, or confusion and damage will 
It is preferable to mark the direction of rotation on the 
valve box. Valves should be operated to some extent 

periodically so that they do not jam. 

Large size of aluioe valves are also often provided with 
small by-passes to relieve pressures on opposite srfw ot 


1 up to 8* ' 

' 9' to 12* 

14' to 21' 

22* to 36' 


rtoj' 

I'tolj'l 

2*10 3' 

1 3'to 4' , 

4' to 6' 


Valve ei/e 
By-paai 


Renux vaives are aw -l,.-..., - 

flap or foot valves and are of many types, which open 
only ill the direction of the flow and automatically cl<^ 
when a burst in the main occurs and the flow reverses lU 
direction. They are placed at intervals in long pumping 
mains to prevent back pressure on the engine and ori the 
rising mains, at the foot of long upward inclines, in iorw 
mains just beyond the pumps to cut off automatically 
the back flow when the pumps stop running, at the bottcni 
of the rising leg of an inverted sy^dion, and at points where 
a breakage would permit a lar^ loss of water by ba^- 
ward flow, such as at the entrance to a reservoir FoU 
Valvu are similar to reflux valves but usually placed in 
the vertical position on the end of suction lines of pumps. 

Air valves or Alr-Hellef valves are necessary on some 
trunk secondary at summit points, and wash-outs 

at lower points between summits, to allow' accumulation 
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of Au to e»Ap» wh«n thft pipes axe fitted, and need not be 
fbced on service nuins os enti&pped air la neleued througb 
the service pipes. When the pipes rise above hydruiac 
gradient it Is useless to f la an air valve. The moat oommon 
fault in, air valves is the sticking of the ball on its seating, 
and air valves on important maJna sbonld bo controlled bj 
sluice I'alvis so that they can be removed without shutting 
down the main. A short conneotion with a stop valve 
should be given at the highest polut and a valve on the 
main lower down Air v^ves arc usually bolted on to a 
standard flanged tee. The common practice in respect 
of placing of air-valves on, long water mains while a»cend' 
ing or desoenxliiig is at qnarter to half-mile Intervals, A 
galvanised iron pipe is taken from the top of the main 
|Mpc on which an air-valve is to be fixed to the aide of the 
road vfhere a suitable site for the valve has been selected, 
A cock ts fixed at its lower end and a screwed plug at the 
other. The air-valve ia fixed In a snitable masonry pit for 
protection and a weep hole is provided for the cscipe of 
water which may pass the air-valve with the eseaping air. 
A 2-in, air-valve will do for pipes up to 10 ins. diameter. 
At some places "double-acting" v^vea are used which 
have a large and a small chamber with a baU in each, A 
large-orifice air-valva discharges displaced air when 
mains are being charged with water^ but when air is liable 
to collect at anmmila under ordinaTy conditions of flow, 
small-orifice air-valvea are Te{|uired. 

Scour vatm or Blow-off valvu (also called wash-outs) 
are controlled outlets on a pipe Una provided at all depress 
sions and dead ends to drain out the waste water or sedi¬ 
ments collected. Scour valv^ are nsually 3 to 6 inches 
diameter Jeadlng from the mmn from a fLaaged toe branch 
to a ditch with a sluice valve control. They should be 
fixed In a manner so that the Inverts of the outlet branch 
and the main are at the same level. This valve is essen¬ 
tially a sluice valve. In amaU mains a stop-cock or even a 
plug will be aufficient. A combined atop-cock and scour 
valve U frequently used for buildings. 

Pressure ReUef or Safety valves are Bometlmes fixed 
at the downstream anda of long lengths of luaina^ or where 
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wftter hammer is likely to dccut, to relieve exoesaive pree- 
sure. It is most important that the correet type and sue 
of valve IB selected for the particular line or purpose^ 
These are he&vily we igh ted spring oontToUed valves which 
npeji under preaHOnes exceeding thoM for wHieh they are 
eet. 

Valves are usually flanged to enable them to be rC” 
moved, repaired, and re-ineerted without disturbing the 
rest of the pipe line. 

Meters. A meter should measure accurately all flours 
through it whether large or email, with min. loss of head, and 
should not clog with impurities in the water* A meter 
should be fitted between two stop-valves and with unions^ 
If the meter is fixed underground, a suitable brick chamber 
should be built, large enough to include both meter unionsj 
and covered with an iron surface box. If the meter ^ 
fixed in an exposed poKtion* it should be rig^y supported 
in sueh ft poeition as to ensure correot working of the me- 
chanism, that is, nonoully with the inkt and outlet bon* 
zoatal and the d tal facing upwards. Consider loss of pres¬ 
sure head duo to Eueteis while calculating pressure in thO' 
distribution system, ^ere are two maiii types of meters, 
positive *Tid mforentia]!. Inferential meters are cheap 
but not very accurate. 

Vonluil Meters are used for large supplies and are 
fitted on the maina near the pumping station to ascertain 
the rate of flow through the pipe sji'Stem* A venturi rneier 
^iDply (soniiiistA of end isonvfirgod to shor 

parallel throaty which again diver^ to the full diameter. 
The difference in pressure at the inlet and llie throat ^ 
measured by a pressure gauge. The motor must he wuh ito 
longitudinal axis horiiontei and should have 10 or 1- 
dlamcters of straight pjf)e uputream of the meter, 
matio direot recording arrangements are generally fitted. 
The metere are luado for maina 3dn. diameter aiid up¬ 
wards, Thp Indications are not regarded reliable lor 
cases in which the velocity of flow is sm^l. 
plica the main meter on the rismg main should be of toe 
posit ive type* 
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Wtt«r Taps 

The following sites of bore are generally used :— 

r. r, r. r. i'. u'. ir. 2- 

All water supply fittings, with the exception of ball 
taps should be tested for a pressure of 300 lbs. per sq. in. 

Bath taps for hot water should not be less than | in. 
bore and for ail lavatory taps, not less than ] in. bore. 

Washers for cold water fittings are of specially pre> 
pared leather, and for hot water fittings, of good qu^ity 
fibre. 

7. PUifPING WATER 

The diameter of pipes through which water is pumped 
is of great importance especially for long lengths. If 
pipes of too small diameter are used, the power required 
may be considerably increased and if the diameter is too 
large, there may be wastage of power. (In small siEe pipes 
“head lost” is very much increased for the same flow). 

Economic diameter or pumping mains. The following 
economic diameters of pumping mains for 16 to 24 hours 
pumping daily are usually recommended :— 


0«lb. per hour 


Bore of pipe 


6 * 9 ' 10 * 



I I I 


ir U' 16^ 18* 24' 24' 2«' 


The velocity for economic pumping should lie between 
2] and 4| ft. per sec. Choosing too small a diameter is 
more uneconomical than erring by (loosing too large a 
diameter. 

Pumping is generally done for about 15 to 19 hours 
in a day where much capacity for storage is not available. 
Therefore, pumps must be capable of pumping the wholo 
supply in that time and 25 per cent extra for seasonal 
variations. Total storage required to balance fluctuations 
in the distribution demand may be taken equivalent to 6 
to 8 hours supply. As already described, the max. de* 
n)and may be three time the average hourly demand, espe¬ 
cially during summer months, therefore in cases where the 
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pumped water ie let out directly into the mains without an 
intermediate service reservoir, pumping capacity should 
be three times the average demand per hour. Where 
pumping is done only for 10 hours in a day, and service 
reservoir of adequate capacity is provided, the capacity of 
the pumpe should be four times the average hourly demand. 

Brake H.P. ? ^ G x head in ft. 

required ^ “ ;5;KM>xpump efficiency 

G= water to be raised in galls, per minute, 

head=8tatio head (positive for rising mains and negative 
for gravity mains) plus friction head. For losses due to 
friction and slip of valves, add one-third to two-thirds 
of the static head. 

The Pump Horae Power (P.H.P.) will vary between 
65 to 80 per cent of the Brake Horse Power depending on 
the type of pump used, and B.H.P. (in the case of steam 
engines) will amount to about 80 per cent, of the Indicated 
Horse Power. Thus, the P.H.P. may be about 44 to 64 
per cent of the l.H.P. 

I. H. P.=33,000 lbs. lifted one ft. in one minute, 

=530 o.fl. of water lifted one ft. in one minute. 

Soetlon Lift. The pressure of the atmosphere will 
support a column of water about 34 ft. high and it, there¬ 
fore, follows that the maximum height to which water can 
be theoretically lifted by creating a perfect vacuum in 
the suction jupe is 34 ft. Pumps lift water by generating 
a partial vacuum which permits the atmospheric pressure 
to force the water up the suction pipe. It is not, howeve^ 
practically possible for the pumpe to raise water through 
that height as the pumps can never create a perfect 
vacuum, because of friction losses. Therefore, a pomp 
is not used for a greater total suction height than 24 ft. and 
which too generally varies from 15 ft. to 20 ft. according 
to the manufacture of the pump. For design purposes it 
is usual to assume 16 ft. for centrifugal pumps and 20 ft. 
for reciprociating pumps. Suction lift is reduced appro¬ 
ximately 1 ft. for each 1000 ft. of altitude above sea level 
owing to reduced atmospheric pressure. Increase of 
temperature also reduces sucrtion lift. Pumps have gene- 
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rally to be placed as low a« possible in pits in order that 
aUo'wable suction lift may not be exceeded. SomelimM 
increase of the suction pipe size increases the suction uit. 
When the water U more than 24 ft. below ground (or pit) 
level a pump of the “deep well” type has to be used. 

Snetion and Delivery Pipes. Suction pipes should never 
be of le»«cr diameter than delivery pipes. The suction line 
should be made perfectly air-tight paying parUcular atten- 
tion to all the joints to prevent air leakage and the pipe 
should be given a rise of at least I in. in 15 ft. of length 
(towards the pump) to prevent the formation of air poelwU 
which seriously interfere with the flow of water. In order 
to keep the water in the pump whilst standing and to 
faciliUte priming a foot valve is necessary. A strainer 
has generaUv to be fitted with the foot valve at the end ol 
the suction pip® (»“ pumping) to prevent 

entrance of objecU which may cause stoppage w injury 
of the pump. The strainer should have a total area ol 
holee at least equal to four times the area of the suction 
pipe In the case of the tube-wells where the strainer 
tube is directly connected with a horizontal centrifugal 
pump, foot valve is fitted between the strainer and the pump 
(except in the case of very’ small pipes) to hold priming 
water in the pump. 

Where no strainer is neceasaiy, the suction pipe should 
preferably have a bell-mouth entry, an immersion of at- 
least v*g is desirable. Both suction and delivery pipes 
should be as free from bends as possible. A check 
is placed on the discharge pipe to prevent back¬ 
ward surges of pressure which might injure the pum|^ 
should the pump stop. On the outlet side of the check 
valve a sluice valve is usually placed to permit repairs to 
the check valve and to allow throttling if the pump is of 
the centrifugal type. The delivery valve must never be 
closed on a displacement pump (rotary and resiprocating 
type) or dangerous pressure will arise. , , *t. r i 

licakage in suction pipes can be detected by the fol- 

low'ing methods :— 

(a) Allow the water pressure from the delivery column 
to come back on to the suction piping while the pump u 
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not nmning; (5J By fiDiog the well euoip with ’Cifat$rp up 
to the motor bed plate ; fc) By a ciuidle flame when 
me pump is running, 

Shp aj the Pwmp, Them is always some leaJtage of 
'^ter past the valves and pistons of every' pump which 
ledn^ the dj-ioharge below the theoretical amounL 
^ o^txc Head ; la the vertical height through which water 
IS niisod— mcoGUred! from the w'ftter level in the well to the 
ddjvery pomt. 

Delivery Head : Is the vertical distance from the 
water level at delivery to the pump centre. 

TitVa^ Pump Head : Is the total static head plus friction 

this represents the total 
hiRBd for which the pow'er exerted by the pump hajs: to bo 
calculated. 

SlQtic Sppng Wtjier Level : la the level to which the 
water rises in the tube-well when the well is not being 
worked* 

Critical Velocity : Is the maximum velocity at which 
^ drawn from a well without disturbing the 
*>aiid in the medium. If water is withdrawn at. a velocity 
greater than the critical velocity for that particular strata 
the well tenda to sink and is liable to collapse. 

8. WATER PUMPS 

Types of Pumps. The pumps are broodly divided into 
thrw mam types : Reciprocating. liotery and Oatrifugol. 
In the necipno^tuig type a piston (or plunger) alternatively 
c^ws water into the cylinder on the intake stroke and 
thfiii forces it out on the disehargo stroke. Reciprocating 
pumpe are used for the highest prcsRurc and the smaUeat 
H^uantitJea. In the rotary' typo two rotAting pistoiia or 
geare mesh together and draw water into tho chamber 
and force it practically continnously' into the dischaiging 
pipe. Rotary pumps arti usi'd for small quantities and 
meiiiim pressures. The centrifugal pump has an impeUer 
with radial vanos rotating sw-iftly to draw water into the 
«iitra of the pump and diseharge it by centrifugal force. 
Lentrifugal pumps are used for ^most all quautitiea and 

ptessurts, ^ 
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pouips haTjng sepsiato prime oidvers am cslkd 
jwwir pump* and where the prtme^m overs (steam, gaso¬ 
line or diesel engines) are incorporated with the pumps 
and form into eingk units, these are knoun as pumping 
enoines The advantages of direct coupled pumping sets 
over the belt opemted Rcta are : They rc<jmre about ^ 
p.o. leas power for operation and there is comparatively 
less loss of energy and they are also cheaper for thetr initial 
cost. A common foundation is required and there is no 
strain on the bearing and the pump of the engine due to 
tension of the belt. Lesser maintenance cost with greater 
efficiency. 

Types of Pumps Used In Various Classes of 
Water-Works Services 

1. Dt^veU ordinary I ^ t 

Deep-well Turbine {Multi stage Ontnfugal); Air-lift 

2 . Dicp-vxU trnaU : 

Deep-woU Turbine 4' min, aiae ; Air-lift; Rotary; 
Continuous flow Bedprocating; Ejector Jet, 

3 . Low lijt: , 11 r* ^ * 

Centrifi^Jow head; Centrifugal propeller ^ Oentn- 

fugol mixed flow. 

4. Hiah pressure: ^ 

Centrifugal, multi-stage; Eflciprocatuig. 

5 . Booster : ^ 

Centrifugal, single or multi-stage; Recaproeatuig, 

8. Fin : , , j - , m . 

Centrifugal (with podtive pnming device); itolary, 

Reciprocating. 

7 . SmaU Svpplii ^: ^ ^ ^ n * ^ 

Small centTifugR); Reciprocating: Eotatr; Penphcml 
(CentrirugaJ) ; Hjdraulic-Ram. 

8. 8tonjd-by: j ■ x o ■ 

Centrifu^ ivith. podtive priming device); K^ipro- 
cating. 

Pumps for Civil EnginariitQ - j. 

High-headi aelf-priming centrifugal pumps for feeding 
concrete mixere and jet drilling holes; diaphragm and 
plunger pumpe for slod^ and sewage pumping ; low 
head iDodels for dewatering purposes. 
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Choice' of Primo Mover. Tho choice of pl&nt to be pfO' 
vided ot e&ch matoUation tuoKt be judged on its merits in 
relotioa to the avoUability of o power or fuel supply ond 
Hhookl be euitobie for the type of pumping unit which h ft? 
been selected oa most suitable for the duty to be performed. 

(a) Steam Engine : Steam power is snore reliable atid 
more fool-proof than any other engrue power, hot it is very 
clumsy to ocmstmct. requires a lot of space^ has inou* 
mcrsbie moving parts requiring replacement at high coat> 
needs constant Attention and » suitable only for large 
plants located where fuel is cheap. Therefore, it has 
become now almost out of date. 

{h]i The Dietel : la an internal-oombustion 

engine which bums low-grade fuel oU (Diesel or Kcrosene).^ 
The Diesel plant has the advantage of being completely 
self-contained, and is more cfTiciejit than any other typo of 
engine. It is quite reliable sjid takes up the load atonce, 
ft is, however, rather expensive in first cost and requires 
skilled attention. The intomal combustion engine are 
noisy in operatioa and there is uimally considerable vibra¬ 
tions for 'Hi'hich a special isolative foundation is often neces¬ 
sary. 5^tcam engines and turbines osuolly mn more quietly. 
Internal combustion engines are not very suitable for u» 
with loarls with wide fluctuations. 

(c) TAd Gasoiine .^nyiitc:: Because of their high operat¬ 
ing coots and low first oouts they are generally used aa atand* 
^y w for emergency service with electric power motorsH 
revision has to be made for starting. The gaaoJjne engine 
choean should have a capacity of at kast 25 per oent in 
excess of the neeiL 

{d) E^eiric Pottxr : Where available is the cheapest, 
efficiency is very high and the plant is very oompact and is 
put on nr nff in a moment. Klectdc motors arc sUeut in. 
working, free from nuisance of smoke and 'Occupy very 
little space. 

The squirrel-cage induction motor is the type moat 
aidely us^ for driving pumps. A.G. motors are more 
efficient than D.C. but are not suitable for instaUatious 
in which the speed of operation variee. Care should bo 
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t&ken in making jjcJections that the motor la large enough 
to avoid overload and not too laige that power U waited, 
Aa there is always possibility of failure of the electric power^ 
a Biesol or Gaaolioc plant shoukl be kept as a standby 
foe emergency. 

Pumping Mactiinery Sllldeitey : 

Electric : 90 to 95 per cent.; Oil : 70 to 80 per cent. 

Steam : 00 to 70 per cent. 

EtQoleacy Twti of Fiunps. The following poiiita 
should be observed : (») There should be no leakage of 

water between the pump and the delivery- end. (iil 
Stuffmg boxes and auter sealing devices should work sati*^ 
factorily with no leakage of air into the pump, (lii) The 
pumpe ahoold run without much of shocks, vibrations 
or hammering. There should be no nibbing of the rotor 
against the casing or neck rings, and the bearings should 
run csool and well lubricated, (io) Suction sluice valve 
should be ftdlv open, and there should be no otwl ructions 
in the delivery pipe. 

Rapid fluctuations on the v^nuni gauge or mercury 
oolunin indicate air leaks in the piping or pumps. 

Tabb showing Home Powflr required for various lypM 
of Power for different ranges of Head in ft. multipUeil by 
dbeharge in galU./ininate __ 


HmU in. ft. X galb. per miornta 

H,P. df Motor 

Typn nf Motor 

Petrol 

Oil 

Klwtdo 

850 

im 

1060 

Up to 5 

1000 

1000 

2000 / 

»p 10 

IlOO 

noo 

2150 

to to 25 


Fort Beqdlrad lor Planli : > « r i 

SUam : One H.P» requires about 4 Iba. of cow per 


: At fttl! bad it will consume about 0.5 lb. of 
fuel per B.H.P.-honr and the saani-Diesel about 
10 per cent. more. 

Pump Combinations. It is frequently neoeiaa^ in water 
Works services to u*e pumps either in seriM or in parallet 
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The rale is thAt in serieti heads are added while in parallel 
discharges are added. In series, the principle is mvlo use of 
in high buildings or high pressure zones where “booster" 
pumps are used to raise the yrater or increase pressure. 
Parallel operation is frequently used at city pumping plants 
where additional pumps are installed to dischar^ into the 
same distribution systems to augment the increased 
demand. 

Centrifugal Pomps 

A oentrifug^ pump consists of a circolar casing with 
an impeller or runner (which has a number of spiral vanes) 
inside it keyed on a shaft which is driven by a power unit. 
It utilizes the centrifugal force imparted to the water by 
the rapidly rotating runner. The impeller rotates rapidly 
Budcing in water at the centre of the runner (or eye) through 
the suction pipe, and which is whirled out and discharged 
at its outer periphery by centrifugal force. Multi-stage 
pumps comprise sever^ impellers (m one shaft in order to 
generate a greater head than can be obtained from a single- 
stage pump. 

A centrifugal pump is relatively low in initial cost, is 
very dependable and durable, with low maintenance cost. 
It is simple in construction and compact, simple to operate, 
light in weight and occupies small floor space for its founda* 
ttons. It starts qmckly and is suitable for both electric and 
steam turbine d^e. A centrifugal pump is capable of 
delivering large body of water as compared to its size and 
can deliver sau^y, gritty and muddy waters without injury 
to the pump. Single-stage centrifugal pumps are used for 
the largest quantities against low ai^ medium heads. For 
high heads and relatively small volumes, either high speed 
or multi-stage pumps have to be used. Multi-stage pumps 
are much usi^ in deep wells where the impeller diameter 
must necessarily be small. Oentrifugal pumps have here- 
fore covered a vast field of duties leaving only the high 
pressure low quantity duties to the reciprocating pump 
and similar high viscosity duties to the rotary pumps. 
The two most common t 3 rpes of centrifugal pumps are the 
volute tyj» and the turbine pump. Turbine pumps have 
■Hghtly higher efficimicy but are costlier. 
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Cebtiifu^a] pumpe if ptropedy deaigaed and iust«ll 4 d 
sbaold give effldenciea of 56 to 75 per oent. ITie larger 
pomps being more efficient. Pnmps may be eitlier hori¬ 
zontal or vertiofil epimile type acoording to the centra] 
shaft. The vertical type are more expeudve and have 
shortcT life. 

Ordinary aingle-Btage centrifugal pumpe h&ve JilU 
limited to M ft. (but generally 40 ft. ia estimated). Multi¬ 
stage pumpe arc used for high lifts; uaimOj the head is 
increased 300 to 150 ft+ per stage. iSpedal design ainglc- 
slage pumps can be had for about 120 ft. lift. Placing 
appropriate number of stages side by side in the pump oas- 
idg they can be made for lifts up to even 1000 ft. Where 
there is rubbish in vatcr, small turbine pumpa are Habb to 
be blocked ; at such plac^ the pump should ^ of the ainglfr- 
impeller typo or,, if the speed is not suitable^ of the thmo- 
throw type. 

While purchasing a centrifugal pump^ the head against 
which it must operate and the discharge required most be 
aoenrately specified. If there will be variations in head^ 
which is common in pumping water in a distribution eys^ 
torn, this ahould also be mentioned. 

The ei» of a centrifugal ptimp ia designatod by tha 
diameter in inches of the dkchai^ pij*. diaideter of 
the suction pipe ia J in. bigger for 1 id. pipe, f in. bigger 
for 11 In. to 3 in* pipe thsji the delivery pipe, and for 4 in* 
and almve, the size of the suction and deUvory pipe is 
generally the same, 

Poivla to be Obsaved irAcn marling a Cintfif^tgai Pump 

A centrifugal pump must be “primrd''^ i.e.» filled with 
water before it is started, or the impeller will merely rotate 
in the sir without drawing in any water* For priming, the 
deliveiy sluice valve is opened slightly and also the air 
cook which is kept open until aU the air has been expelled 
and the water has started flowing freely when both the 
air cock and the deUvery sluice valve are closed. Autonx&tic 
priming devices also are now available {self-priming pumps]^ 
A Foot-valve which is a check valve ^aoed on &e end of 
the suction pipe is used to keep water in the pomp at aUl 
times. Where the pump has t^n out Oif operation for long 
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penode it mny not wnit, for air m^y have acoumu- 
Jafed In the liunip caaing ' in that cose open alJ the ^r 
cocks ond piime the pump with water. Wheit too 
ptimp is placed below waier-levelt no priming Is I'equired 
Bud no foot-volve need be fhted. 

A centrifugal puipp should always be gtarted and stop’' 
ped with the delivery sluice valve closed. This pump can 
run with the delivery valve shut producing no dangerous 
pressun? but it should not be run in this manner for longtr 
than is iiccessaiy’ as it Is liable to espcl w'ater and get over¬ 
heated. 

The outlet (disrbsrge pipe) should be submerged so as 
lo induce isiphon action in the pipes and ahould be flared at 
the lower end bo that the water will discharge at a velocity 
of not over G ft, per sec. 

Turbine Pumps are of centrifugal type. Where the 
head is hu ch that Urge number of stages w ould be nceesjiaiy 
and where the output required is lc«s than 1000 galls, per 
nHiiule, a turbine pump is used in preference lo a ceuui- 
fugal puiup_ 

Centrifugal pumps should be fixed as near the average 
spring (October) water level as pottaihle. The well sump 
call be made 6 to 8 ft. below^ the spring w'ster level to enable 
the pump to be rah^ or lower^ according to the 
tiona in the water level from season to sesHon. This will 
alwj eliniinate any difficulties in priming the pump* Where 
this low level ia not eonaidered suitable for dampness* v^- 
ttcnl spindle pump can be installed. Pomp ia fitted at t^ 
spring level and motor installed at ground level, connected 
by vertical shafts. 

ReciprocaUng Pumps 

Keciprocating pumps are the displacement class of 
pumjjij and are either bucket type or piston type, 
singlo^cting or donblc-acting, A pump drawrs 

water Lntb the cylinder on one stroke sind discharge* on 
the return, giving an intermittent supply. In s doubtt^ 
acting pump water is drawn in and diichaiged on 
stroke; but there U still some variation in the flow- and to 
remedy that douWe-arf* aj dvpltz or triplex puiup* are made* 
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Iteopcocating pumps srs sobdirided into (a) lift 
Fompe and (6) Force Pumps. The common lift pomp 
r«r>p»iartj of s pump hsiTd ooTOected to a saetkm pomp 
haTin^ lower extremity at the bottom of a well^from 
whkdi water is to be raki^ Inside the pnmp barrel is 
the bucket oootitJled by a piston, whidi works alternately 
upwards downwards. In the force pump, the barrel 
is fitted with a solid bucket oontroDed by a piston rod 
wofiing up and down. The piston has a valre that is 
open on t& down-stroke and dosed on the upstroke. A 
redpcocating pump is snitaUe for high heads and fluctnat- 
ing loads and gives greater efficient, up to 90 p.o., than a 
centrifugal pump for high lifts. But its cffioieiicy falls 
off rajSly when the head is bdow 100 ft., when a centri¬ 
fugal p nm p is more efficient. 

Reciprocating pumps have the disadvantage of 
sating flow, first hi^ cost, need frequent adjusting. 
bOity for sandy water, possible damage through sudden 
stoppage by closed valve or other obstruction. They ^ 
complicated, heavy and require la^ floor space. All 
types of reciprocating pumps are noi^. 

The diameter of the suction pipe should be hall ot tne 
pump barrel (and not Ices) but the ddivery pipe ahonld be 
smaller. The height of the lower valve above water-level 
should not exceed 24 ft. otherwise the pump will fafl to 

raise the water. _ 

When first starting a new pump, or during dry weath^ 
it will be necessary to prime it, ix., fill it with water, 
valves become hard and dry and do not fc^m air-ti^t 
jointa. It is also e ss en tial to see that Uie valve in the 
discharge pipe is open, before starting the pump, as other¬ 
wise pressure will bo built up with poeability of serious 
damage. Valves are integral parts of reciprocating pumps 
snd are placed in the entrance and exit paaaagM so as to 
allow water to flow only in one direction. An air chamber 
is placed in the disdiarge piping dose to the pump to 
counteract the shocks and water h a mm er caused by die 
varying rate of discharge of the pump. 

Rotary Pumps 

Rotary pumps are particularly suitable for small dis- 
diarges moderate heads, and where the volume of the 
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Kqpid handled » email oompaned with the pEesrore re¬ 
ared, OB in the case of domestic wat-er supplier. Any 
fluid can be handled from the lij^htest to the heaviest 
ureapcctive of viact^ty or voJatill^, provided it ia free 
from j^rit or ahraaive matter 'which 'woiUd cause mpid 
wear. The coostraction ram usually be modified for use 
with comoaive fluids. They are anmll in size and idinple in 
operation and will operate with high suction lifts j require 
no valves ; are self^priming. Rotary pomps an appUed 
to high-vacunm work ; can work to within 1 inch of mor- 
enry pwi?sure, or pressnre up to 100 lbs. per^sq. Lnch, 

The PuLsometer Steam Pump ^ 

Besides ordinary pumping work, semi-liquids and gritty 
Bubatanccs finch as mud, liquid cement slurry, and aevaii 
sludge can be easily pumped. The pump works eqnaUy 
weU suspended by a chain and can be worked whilst being 
low ered and even under W'atcr ■ can be easily moved from 
place to place. It is therefore of much use in sinking 
operations. For general work a auction lift of 10 ft to 12 
ft. h potifible, but may be increased to 22 ft. in case of 
emergency. It is especiaUy Buitable for temmraiy works 
where suction pipe is changed freqaentiy. For dnkinir 
works, the Pulsomcter patent steam pomp hia^grwS 
advantage over ordinary amking pumps on account o( ita 
lightness, 

Bydraulle Rant 


The hydraulic rsm is an unpulae pump which utilizea 
the momentum of falling water fwhen a moving ^jf 

water is suddenly stopp^ "wafer hammer" is produced} 
The ram 18 used in smaU water supply instaUations where a 
relatively large amount of water at a moderate head is 
available each as, a river or a stream with rapid fall wIippa 
the pump can be insUlled in ita bed to pump a' smaU 
volume to a higher level than the supply. Water flows 

not be tbazi 1 vertical to 8 horiaintal (wi^ 
1 to 5 max.), and is generally 1 to 10. A faft of 2 to ft 
is required for the drive pipe. It is possible to raise ah^ut 
1 /lCrth to l/20th (with l/dth max.) water eupXd 

to the ram, to a height up to about 12 times the fj5l ob 
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tained in the driv® pipe (with 1^ ft mai, lift), l^e 
hydrauyc ram is eimple, durable, reliable and i^peTiaira 
and does not need much attention and works ^oot tuei 
oil)* The disadvantage being considerable waatagp 
(of water and noise of operation. 

Bore-hole PamiB or ’WbII Torblne Pnmpa 
Bore^hole pumps are used where the ground 
level Is very low and the sump for a centrifugal pump would 
become veiy deep* The bore-hole pump la lowe^ m 
the main tube-well pipe itself while the moter is 
at ground level and drives a vertical shaft extending do^ 
to the pun p. The type of pump now almost mvanably 
adopted is the vertical spindle turbine P““P- 
draWe that the howls of bore-hole pumpa should be 
at a sufficiently low level so that they re^n 
below water under working conditions. Where full 
mergence is not poesible. the foot vako 
submerged, or suction tube may l« ^ 

foot-valU so that the lower end of this suction tube 

remains submerged. X 

livery valve should be opened 

from the rifdng mama to escape- co^ of ms^lah^ 
and ninning of a bore-hole pump is bi^r than sm 
purapi they a« electrically driven 
These pumpe an made for diameters var^ from 4 to 13 
inches Md the uaual length of the pump la S to ^ 

It is of ntmost impCHiance that the bore of the pump w 
perfectly vertical and it should oev*r he out of ^amh 
than the clearance between the mirfaoe ^ the 

well pipe and the outride diameter of the pimp bowls* 
Bore-hS^ pomps revolve with a high ^ a^ar^^^ 
tridty wfll have great damaging eff^* Bfetho^ ^ 
rmding out eccentricity in tube wells haa been axplauied 
under ‘’Methods of Boring". 

A5r-tlft Pomps . 

The pump ifl operated by oompreesea 
tremely useful for testing bore-hoks and 
supplies for other sourte^ ^ 

b^w the maiimum suction hft of dU U. — --- 
ue nwd to lift trator from deep open up to 2W ft 
and Kimetimo! ewn 600 ft. (uiai.) By miang Uw ■«« 


air and is ex- 
foi cmergenDy 
watv-lavd ifl 
Air lift pumpa 


im “^'"«*mCU.OITn.«SOraKES'lUHDMOK 

ss^SxjIShsm 

only 1/7 to 1/6 of the Sivery tote " 

of th.° Tl!* 

bottom) ahonW^ «t*ppbed thereto at the 

pipe. A oock is fixfirl «« *u ® ^*T. * 0“ tbe sactKwi 

" *“ ** 

‘"^***f^ pump ere • It wiU nm. 
c^d^rSnTyTmtl?'*' * «II of .moU 

^ » naml^ of wei Lv'Z*'’'* *“ '^‘’ 

“ 

9. ESSENTIA!^ PDMPINO 

^-i&':/sr- 3 s-£-X“;;s 5 s 

P“”J- to 
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(ej PlwTide in dnpUca^te largefit pump tuid motor 
unit. 

(<f) Provide auxiliary power unita, (gene^raHy GasDline 
or Dieflel) to rowt om^i^udes and breakdowns of power, 

(e) Dedgn for no suotSon lift if possible. 

* Provide a separate suction intake for each pump if 
possible. If not, provide tapering header with 
hranches. 

{if) Avoid high spots in suction pipe to prevent air 
entrapment. 

(A) Provide flexihle oonplings to facilitate placing and 
replacing flanged pipe. 

(f) Provide check valves on dischai^ side of each 
pnmp and gate valves on both sides of each ptunp. 

(j) For reciprocatmg pumps on long suction lines 
an sor^hamber near tho pump in rccomniended. 

(A) It is well to slope the sncticn lines towards the 
nuree of water supply, Tho slope permits draining the 
tine and avoids air-pockets. 

10. GROUND WATERS AND WELLS 

Most of the rain-w'ster that falls on the surface of the 
ground percolate!! into the pervious soil and moves down hy 
gravity. This aecumulation of water under the surface 
is called ground vraier or sub^soil water and the level to 
which this water has saturated the ground is called troter 
tabu. The water tabic generally follows the slope of the 
ground and rises or falls during differeot seasons depending 
upon the weather conditions. The water bearing stratum 
that create a ground w'ater reservoir and feeds woUs or 
springs is railed an o^ifer. The portion of the soil through 
which the water moves IS called the zotis ^Qtaro/tou, 

CnpiOary frijigt Is a belt that overlies the zone of sa^. 
turation and contains capillary interaticea which are fUlad 
with water, that la continuous with that in the zone of 
saturarion. This water is held above that zone by capillary 
action againgt gravity. 

InfiUrcsiion or seepage is the pexodlation of groand 
water into a pipe or conduit ettber through cracha, joints 
or perforationa. 
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Water Divining or Dowsing. Tli« followiiig indications 
may lead to the discovery of springs or water near ground 
level:— 

Certain portions of the earth’s surface are more damp 
especially in the mornings and evenings, than the surround* 
mgs, and from where more dense vapours arise in *11 
seasons of the year. This is due to the presence of sub* 
terranean springs. Where water can be found under 
ground there the grass is of a brighter colour than in the 
surrounding fields, especially during the winter months, 
and the eyth is also darker aixl damper on that parti- 
po*^*on than the rest. In snmmer, the gnats hover 
in a column and remain always at a certain height above 
the ground over spots where springs are concealed. Elec- 
^magnetic instruments are sometimes employed for 
locating springs. 

Water Bearing Strata. Sands and gravels are the most 
mportant aquifers. Coarse sand with small gravel and 
k a nkar with rounded edges are strong indications of good 
water contents. The finer the saiKl the less will its water 
COTtents be for the velocity of water caimot be hi gh in 
fme sand. The supply of water is more reliable in an 
aunvial sofl. Sarxistone is the best water bearer and the 
quaUty of water is also very good. Gravel and boulder 
strata also give good discharge. Clay, although highly 
TOtous is so fine grained as to be practically impervious, 
^y serves as a confining layer to other porous straU. 
limestoiie which gives hard water is not sufficiently porous 
t^o furnish much water unless it has many fissures and 
faults : marbles are better than limestone rocks ; elates are 
better than shales due to joints. Igneous rocks, gneisses 
and schiste are generally disappointing. The quantity 
of supply is more in highly fissured rocks, but the fissure 
Aould be only in the upper layer of rock and the lower 
layer should be water-tight. 

In very sinall size of grwns the ground will not yield 
Its water readily, due to capillarity, in the ground. Coarae- 
mined sands can psrmit a velocity of 20 to 100 ft. per dav 
fi^ sands 0.06 ft. per day, whilst in sandstones of firo 
texture the flow may be as low as 10 ft. per year. The 
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poiositT Of wmmfm sfflla and rooka i» tato as follow! » 

^ as public Wftter suppliw are ooncemod : 
t\\ Sspds and g^velfl of fairly uniform ajzfi and 
^' modemUly compacted 35 to 40 per wnt. 
(ii) WcH graded and compacted 
sands and gravels 
(tij) Sandstone 
(it) Chalk 
(v) limestone - - 

(tiI Top soila 

{Peroentage is of the total volume) 

MeuaiemePt ol thfl Veiocltj ef Flaw of Ground Wa^. 
The rate at which water pawes throngb a ^ter bear^ 
strata depends upon the ma® of the particles and voids 
tS^rhSTcoJ*^ the water to flow. The volo«^ of 
flow of underground water through pom^ifl matcnalfl is 
seldom greater than a few feet per day. 

The Sope of the water-table can be detemnn^ by 
measuring the elevation of the water in a “nes of bore- 
hoUM. enough meamiremente being made to d^rmine 
not only the amount of slope but alao the direct^u of 
grtsates/ docUvity. The direction of flow is the 
^irteateat declivity. The sub^BOil generally folkjwa 
the toMraphv of the sorfaee for its flow. It is neccasaiy 
to Erection of flow in order to thoroogh 

mveetagatious. By putting down thw teat ho^ at ^ 

pjoiimatoly the afnoos of a r^t angl^ 

Cl^elevation of the three water the ^Pf 

Ib^ulic gradient and the direction of flow can^ obUit^ 
actual velocity of ground water may be p™™ 
by introducing a eolntion of Hdt intone or ^o 

noting the time required for its flow to the other 
well the time being determined by making 
SW of the water. Tlie quantity of underground fbw 

is obtained by mnltipiying the vekraty by the area of the 

eTCHB.soctk)ii under conrideratioru _ 

CoueolDeprwsioaorDeptotloiL When water b pump^ 
oat from » well » deprcHon, re^Uy m 
sbue u ehown in the f^ote, m formed 

of the cone coCncides with the water-table and the 
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■pci with thfl pmuping bveL It is oommonly ciJfed Cone 
*4 Depftet^ aad tha Mien within wliioJi the water table 
w appreciably afiected k tenned the area or cweic of in¬ 
fluence, Usually a grtmiMl water baa a nattual alapo aqd a 
f^w m a dcfmite direddiHL The anfy icEahla method of 
detenmnuiir the tone of iofhMOoe is to obeerre the stand¬ 
ing Imlfl in sm&n diameter obteryatkia bofea aonk 
prenoualy for the pnipoee at known diatancee 

Depra^ Sead-^ the vertical dMfmnco in height 
between the mmnal nndieturbed gronnd water level (beibce 
para^) and the level of the water in woU alter pumpingr, 
HemcMon head, in a weD goes on increaauig with pnmpiiu; 
unta tbe rate of re-cnperation of water equals the rate of 
^ pumping effect for a given quantity 
13 likely to be ieaa in a Doarae-teitarad, woh-fwnred 
strati^ m a fme-greined. ^pazwly-fiasured rock, 
Z^tr^n hea5--Tbe h«ad of the undeigioond a-ater 
which makw the water flow or infiltiate thiongh the media. 

^0 artificuU gradient (forming the cone of depres- 
TJi abMt by pampmg depends on the nature 

of the inatcnaJ ^ the depth to which water ia pumped 
^ Band the grai^t may be on the ararage fiom 
Mto l m20, ^ineh^MBteepaelinm A gradient 
«ii ^ mean ^ the effect of pampmg tho 

^ would be perceptible at a dktan® fiom the well 
^ ti™ as » t^ diffarenoe between the auh«a 
wator level and the fevol of the water in the wbO Water 
13 or leas completely withdrawn &om within the area 

(''^*»ich k also called cone of 
to show that any source 
«^ing within thk area around the woD win 

ax^S-tt^ir - -2^52 

tioe'S? “** n™ k no dcEbed demarca. 

anJ a“bore-hoio” A boic-boEn^ 

be defined as a ahaff of any diameter up to 3 ff. (eometbnra 
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ppto 6 ft.) SmiUriy then » no defined demenatioo 
betw ^ n a haHov well” end s “deep well”. A deep 
^ ®°PP*y wster-be«ing 


^ InfUiration Gallery is « sorftee collector for per. 
coiatmg water or an underground conduit or reservoir. 

Jack an intake wells provided at rivers in which 
water is mllec^ and pumped to the rising m^n« Open. 

*ng8 provided in the wells for the entry of water an called 
ptnetodu. 


penetrated in ground-water 
ooofmed beneath an impnvious stratum under sufficient 
preasun and from which water ruahea up over the surface 
without pumping. 


W<^ pla<^ in the same stratum near together 
mutually interfen according to the size and spacing of 
the ^Ils, the radius of the circle of influence and the 
Jowermg of the ground-water Uble. A second weD 
ahOTld be dug away from the circle of influence of the first 
well, >0 thAt the diacharge of one well is not affected by 
draw-off from other weEs. ^ 


In the case of shallow wells the water Uble of shallow 
ground wa^ which they Up is likely to fluctuate consider, 
ably thereby making the yield uncertain. Seasonal varia¬ 
tions of ^ter level may be very considerable in some loca- 
Utwa. ^wing i^ter out of shallow wells wifl lower the 
water-Uble ^ might effect the adjoining structures, but 
<teep weDs give large and uniform jrield. 


_ A sp acing of 200 to 600 ft. between two weDs is generally 
»®oeaaa^ according to the nature of the straU and the 
depth of the sub-soil water leveL 

Marimum discharge can be obtained by placing 
the weDs m line at right angles to the direction of the 
ma»mum j^pe of ground water-Uble so that almost equal 
heads m different wells can bo secured. 
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Method for determining Approxiinalely radiua of cone 
of depression :— 

R=V ^ 

Rsrsdius of oonc 
of dipression 
in feet, 

Q=di8chArge in gallons per day (or oertam perio^ 

h=depre88ion of water in well during the above 

in feet which is the difference of water levels inade 
hjtH ontside of the well. This is called pen»lation 
head, depression head, depletion head, inflitration 
head, or drawdown. 

CinpacUy of a well is the safe maxi m u m rate at which 

it win yield water. « -i x 

Slie of A well ; (Approximate for Punjab Sous) 



. Dx 10,000 

— E- 

A=area of weD in sq. 
D=disoharge in cusecs, 

A design formula for general 



h=depreeBon head in f^^ 

A / ~Q~ 

use : Dia, of pipe='Y 1000 


where Q=discharge in gaUons per minute. 

IHseharge from Wells. Open weUs gener^y get their 
supplies from the first water bearing stratum met aftw 
digging, at which water stands at spring water level, while 
in tube wells water can be drawn from the stratum lower 
down in addition to the top straU and thus large quantities 
of water can be drawn from a tube-weU as compared to 
an open weD. 

Tube-wells are not generaDy suitable for smaU dis¬ 
charges. Discharge from a tube-wefl is taken rou^y 
equal to 10 gallons per hour per square foot of the strainer 
area per foot of depreanon head. On an average, for 
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estimating purpoeee^ it is taken equal to about 500 to 600 
gallons per initiate^ or 1,5 euseca^ that will irrigate about 
300 acres. Straioeca for saeh tube^wells are from 1(W 
to 160 ft. length located in the water bearing strata In 
average sandy soils of the Gangetie plains, about 1400 
to 1600 gallotiB per hour is eon^ered safe extractk>n fkini 
an open woU of 6 ft. diameter. 

Tests for Yield of a weU* By the appUcataon of certain 
thmretiral formulae in conjunction with pumping teeta^ 
reliable informatioa may be obtained in many cases as to 
the permeability of the strata. 

KicJtf ia the maniuujn amount of water that can be 
eontinuously drawn from a well with a fined depression 
head. 

Specific eapoci^ is the rate of yield of well in e,ft, per 
ho^ under a head of one foot, or per unit draw-down. 
This is also sometimes called "flpecifio yield". 

Sp^fk yidd is the ratio of the volume of water which 
after being saturated, a soil wiC yield under gravity to the 
volume of the soil. 

The water level should generally be recorded in the 
mornings. An indication of the pressure at which water 
is flowing in a particular strata is given by the level to which 
water rises in the baring tube. If the level of the water 
in the boring tube is as high as the spring water level, or 
higher still, it is an indication of ample supply but if the 
water stands at a lower level than the surfooe springs the 
pressure (and henc» the supply) is poor. 

Bailer test is a test of the rate of dcprcssiQu conducted 
while boring to estimate the probable yield from any water 
bearing stratunOL 

Pumping Test When water is pumped ml of a weD 
there is a fall in the water level as the pumping progreasK; 
this fall proportional to the rate of discharge and the flow 
of water in tho sub-soil. A point is reached when the water 
does not fall any further and the maximum critical velocity 
arrived at which is not exceeded, end the yield at this 
depressed level is meatuired by the known pumping capacity 
or by the quantity that can be bailed or fFump^ out iu 
S' given time so as te maintain the level constant. This 
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method rather difOoiilt oa it myolTefl steady pumping 
At a. fucad lerel and an accurate discharge of the pampa. 

The BeenperatlVA Tost The water surface in the well 
la depreseed by pumping to any defiored level below the 
normal and frcm this lerd it is allowed to refill to ito normal 
teveh The time of refUlintg aod the amount of water 
refilled ia noted. The rate of fdlmg ia more rapid when 
the bead is greater and it beoomea ae the water level 
risea up. 

Test pumping ebould be carried out as far as possible 
at the time of lowest gtoimd-'water level, so that the 
most reliable yield figures may be obtained. The dLLratien 
of the tost depends upou the purpose for which the w'ell or 
bore^hole has been a unk and may vary from one to 21 days^ 
continuous pumping. A mLninnum of 14 days' pumping 
is reoommenided for work in connection with public water 
HttppUes. Tests are uaaaUy carried out hy tmbnaersibio' 
type of pumps, though the air-lift type may be used under 
suitable ooD^tions. 

Trial holes. As a pi^liminary to almoet any scheme 
where more than 1 miEion gaEa. per day is requir^, one or 
DK>Te trial boreholes should be sunk aod cores O'f the iinder-^ 
lying strata obtained. If the trial bores are required only 
to provide details of strata snH water levels as an aid to 
construction^ then their diameter need not exceed 6 ins. 
If, however, informatioa is required as to the probable 
yield of permauent works, then bores of up to 24 ins. ia 
dla. should be sunk. Samples of all changes of strata 
and at 10 ft. intervala throughout the full depth, should he 
taken and preserved, in air-tight bottles if of cohesive soils, 
otherwise in wooden boxes. Snlphate tests should be 
made on clays, and sands should he mechanically analysed. 

Ground water level depends upon a combination of tbo 
permeability of the strata and the head causing the water 
to flow (hydrautio gradient). It ia poaaible, according to 
the inclination of tlw different strata, for the water tables 
In surrounding ground to be higher or lower than the water 
level In streams, aa the movements of the ground w^ator are 
to a large extent, mdependent of the stream. 
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^ximaju yield will be obuined tnm a irell - 

worked cootiDiioualy without ^ ^ 

A factor of safety cf “ 

have to be as high as 10 ^ “lowed but it may 

‘ -oil ™ b* ™«gu, cfc^ ^ 

Y='!>^xS«+^xS 

tiTR L ,j. rt z 

«ivus the'm for a 1^' of the TS 

(In^). Vol. 34, Wo. iMtitatioo of Engioom 

^odrf ri^f ^ r ™'‘“™* 

”*• ^ ■*»“« t" ‘«*«d 

bw .SLTm« w 

<Mb fcr tote-irib if t?; “ wiiiridawi ™it. 

tile critical average sandy strata. That is 

wrjLicai Head wlutih most not be e^rHwIwi ™ 4 .l j 
^ oome Qp and be * 1 / tbo sand 

tiibe-wel] is P™P“ ^ * BtTainer 

the atrainer wir«. the sand cannot 
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one aingle tub® of *4' P"* of ws 

^ ofdimry welto e»eb 12 »■ “ d-enwl®®. “ 

KStSSEfl-.bdf 

nf the Vfell of laree diameter Rre. the storage that it affords 

^rpoSbrny of the pnmpe at 

nitwiB LsKte wells are useful wheiB the 
Rhort Bnc_ Md^pecially in cases where the 

flo-™ throo^e material mth low velo- 

beat method of nwasuring di^har^ is the 
notch method where a risht 

st^pUte of about i' tbicknesa and of suf^ent ^ to 
SSw the foil discharge to ^ thro.^ 
measurement has bwa eiplamed under HydraiOwai. 

COBSTBUCnON OF TUBR-WELLS 
Methods et Boring* Borehole be sui^ ® 
peicurssion boring or by rotary bonng; 
methods may be carried Out m a amnber of ways* 

Rot&iy Bortng : TMs method is used for nneon^^t^ 
mater^ of fine teiture. Drilling is Mcomp^h^ by 
rapidly rotating a wrought iron or a^l pipe fitt^ i^th 
enttiri shoe at the lower end, 

& fishtail hit or a diamond-ehaped bit^ routed m the 
to cut and loosen the materUk Water ie ^ntmaoialy 
oump^ into the well under pnssinu thmngh boles m t^ 
rating shoe to rise between the si^ of the hole mid 
cam^ carrying with it the loosened rastenak all formw 
fcntomud or slush. This mud plays on important part m 
dnlliog When the bore baa been driUod to the requ^ 
depth casing is inserted to support ite walk. Machines 
art used for rotating. The casing is tank as eicavatioii 
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methcd is used for dnUinff throuph 
^ Jw^. A ™ drill Lit consists of a rina 4th smS 
artificial diamonds, or chilled steel shots or steel teeth Thu 
« attached to a drill rod and rotated 
Jdvanw, H core rises inside the rina which iTh^^ 

» “ «.*'"* rei^oTod. Tbk con » T*J^ua.f^ 

P?? **'<•, «prea«nUi»iTO mmplo of the matei^b met 

'^“7 ” P™P^ i"*" tl>® l»n-hob to“™t a 

‘he >bat drOI i, not aW.» 

beenj^ tbj the ™t S 

th«t It u iniiMenbhs to eecnn a good eon. dialL^^KW 
*iB produce a better rock con in aoR rook In bant 
e.tb^ type of bit ia nauaUy aatiafacto^' 

eeeompKahed with tbfbelp „f a 

ss^-'wSS.r hy .To 

n,ert^"'^h;"':?hich'*a hole*"^ 

facing the strata to powder. 

^WZlinj? V “ generally confined to Sie 

« U>'"*pn™^er,^”?in t,t 

P^vent then slipping or tilting. The leg opposite the hoin 
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or crab-flindi most be secmely buried aod uicboied » 
that the tripod will not tom over 'wbea subiect to a poll 
[rom the winch. A crab^wincb atid & steel rope is raqaired 
for working the plungieT ioride the boring tabe- fllio 
plnnger ia also call(^—aludgpi, bodcet or pump and 

baa been deet^fbed later.) A cotter shoe is fitted to the 
bottom of the boring tube (or laaing tube} which is lowwed 
into the pit. The cutter ahoea arc of slightly bigger dia¬ 
meter tbLi the boriog-tobeSp therefore a clear passage » 
prorided for the boring-tnbes aa they are sunk or with¬ 
drawn. 

The cotter sboea are of two types, “dip ahoed* 
and “aertv! dtota'\ and are made of tempered steel. A sHp- 
Ahoe is slipped on to the boring-tobe i^en starting boring 

is left at the bottom of the bore when the tube is with¬ 
drawn. This type of shoe ia used in stiff day or rock 
soil and ia of a ebghtly larger diameter than the sorew- 
shoe for the same diuneter of tube- A screw-shoe ia 
generally used for sandy soils and for avenge rise of 
tube-wells. It ia screwed to the bottom end of the boring 
tube and cornea out with the tube when it is withdrawiL 
^nda shoe has female threads to receive the screwed end 
of the boring-tube which fits in butt to butt with the 
shoe- 

The boring tube is clamped with wooden eleepere at 
Dome oonvcnient point above ground level azid a platform 
made which can ^ loaded with siiad-bsgs or other weigihtfl 
Id hdp fbrdng down the boring-tul^ Pipes sboold 
always be secured with additional clamps to saiegnard 
against accid^ta. As the pipes are lowered down more 
are screwed down one after the other. After the boring 
' tubes have been Lowered m the pit and damped in poaitioa 
they are partly filled with water. Tb^ plunger is worikod 
inride the boring tnbe several times (it is lifted up and 
suddenly relreaed so as to give it a “reriprocating^ aotioo) 
ontil it is fdl. The soil is broken up arwl pnlveriied by 
the cutting edge of tbo plunger and the looae materia] 
collects in^e the plungor pipe. After about , ^ to iO 
strokes fwben it is Ml) the plunger ia taken out and the 
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matdrml coHectoc] inside is removed. The spridi; action 
f of the causes a rebound of the plunger and prevents 
its jamming. 

AixT'Ve the water-table, water has to be added during 
boring to assist in the formation of a "slurry”. Where 
a chisel is uapd for breakkig up tEio atraba, a bfuler or shell 
is U5wd for removing the debris from the l>ore after it has 
been "slurried” which consists of a tube 10 ft. to 15 ft. 
long, of slightly smaller diameter than the bore being drilled^ 
and fitted with a o'leck valve near the bottom. 

As the pounded materia! Is brought up through boring 
a chart i5 made of the location of water-bearing atnita and 
a complete length of stralncre and plain pipes is made out 
and towered inside the casing to the correct levebi so that the 
strainers are located opposite the water bearing strata. A 
piece of "blind pipe” is fisicd at the bottom end for anv 
lieavy particles of sand settling iitside the tube*well during 
development of the well, which can collect inside this tube 
and not choke the strainer, 'fhe whole fiaished length of the 
pipes and strainers is lowered down into the boring-tubes 
and kept suspcfidod from top and the boring-tubes jacked 
up and estmetod one by one. As the tabc« are e^itracted the 
soil suiTOunding these gets loosened and grip the stminerg 
and pipes on the outjside and hold them in position. Before 
lowering the Htraincra the caring pipes arc raised up to 
such a bvel that their bottom end is only slightly below 
the proposed level of the bottom of the tube well and the 
bottom of the well is also filled with some sand and gravel 
so that, the strainer pipe can rest on it when lowered in 
position. 

If the material in which the wcH is drilled Is loose and 
unconsolidated, it may have to be abatidoned. To test 
whether a particular clayey layer will stand firm without 
collapsing is to put a lump of the clay in a gloss of water 
and if the cliiy disintegrates quiekiv, it mav not stand bv 
itstif. 

Rod Boring is similar to rope boring e.vcept that rods 
ate used, extending from ground level to the boring tool* 
iuatcJK^ of a rope. Thi-^ system is useful for vrrr di?ep 
borings or borings in very hard strata or whore largo 
amounts of water arc cncouiiteped. 
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Borings with earth augEra, cross chiseli;, flat chLsela, or 
bull Tioae aager, etc* can bo made for shallow wella 
of small diameters in unconsolidated materials. Bods 
are used with the aiigere which aro raised to the surface 
for cleaning when filled. Power may be tiaed for tunimg 
the angcr^ When the auger haa reached wator'boaring 
s&nd, casing for the W'ell ia placed by driving in. In sandy 
material, clay may ho dumped into the hole to make the 
sand Bticklvt or a plunger used instead of an auger. This 
method is more expeditious than rope boring* These aro 
called “Bored wcUh.” 

Checking VerticaUty of Bore-holes. A raiople method 
is to mftke two similar diaca of iron pktos about Y tliick 
and of diameter slightly less than the inside Iwre of the 
pipe. The discs arc jointed with an iron rod or pipe of 
about 1' diameter at a distance of about 10 ft . and tightEiied 
with mits, A knob is fised on the top nut to which a 
thin steel wire Ls attached and the diiscs suspended into tho 
tube bv tire wire passing over a pulley suspended from a 
tripod * WYicn the discs are lowered dow n into the pipe, 
the w ire ia exactly in the oentro of the weU pijje. Wbitn 
the discs arc further lowered dow n and if the well pipe is not 
truly vertical the wire will deviate from the centre, which 
will be indicatod at the top of the pipe. Some holes should 
be punched in the (hscs so tlmt they he easily immersed 
in water. This h called plumbing disc. Shafts can bft 
plumbed by means of plumb linea suspended at the sur¬ 
face m the usual way. Tho minimum deviation from the 
vertical is required, whth absolute verticaJity as the ideal. 
This ideal however, is rarely obtained, except in the caao of 
shafts. A deviation of 4 Inches from the vertical per 100 
ft. of boring is generally accepted. 

Setting Right Wells Sunk Out of Plumb, A aimplo 
method is to loosen the soil on the aide towards which 
casing pipe is to be pulled back to bring it into plumb 
again. Tlie casing pipe is forced back by jacks W'hich 
should bo applied a 4w' feet below the ^und level eo m 
to have a good hold on the aide. The soil can be loosened 
by an additional boring whieb may be of about half 


water sutply 


15/111 

the of the weil pipe. When the pipe has been 

forced mto Its correct poaitioTi, the hohow left behind 
ahouJd be filled with gravel and earth woU rammed so 
that the pipe does not spring back, and then iacka 
removed, ^ 

and Pipes, Where there is an 
eye on tho bad plug (aa de^criTied earlier) and the pithca 
have not jammed, a hwk tied with a wire rc^pe can ho 
lowered inside the tube and caught in the eye and pulled 
up. Where the pipes have janimed, a simple device ia to 
make a tapering conical piece of w ood, like a frustum of a 
cone loosely fitting inside the tube, which is attached w ith 
an iron bur and lowered into the tube with its wider edgo 
at the lower end, to some point opposite a plain pipe. If 
gravel or stone chips are poured into the pipe these will 
coUect round the wooden piece and form a wedge and when 
the nwi IS pulled up it wiU tend to pull the pipe along with 
It, A steel clamp is fised over the rod resting over tha 
tube-well pipe and another wooden clamp is fixed outside 
tho well pipe low er down under which jacks are w orked up 
By this method pull will he transmitted to the iron nS 
w^ieh will puU up the pipe. Si>eLiaI tools are also avail- 
able which wdJ expand when lowered inside the tube and 
grip the pipe* 

DLtiicultles in BorEng 

Sand blowing. VSliEre fine sand is sandwiched between 
hard strata and is under considerable pressure, it will 
^h1i through the boring pipe and hinder the progress 
The simplest remetly is to fill the boring tube with water uii 
to Its top and free the boring pipe ao that it could sink by 
Its own weight as the sand is ele&rod out from inside the 
bore. Ihe water will keep the &and under pressure and 
prevent it from rushing up. If neoessary another tube can 
be added at tlie top and filled with water to increase ths 
pressure. Some chemicalB are also available which aro 
helpful in. boring and prevent the sand from blowing. 

Jammtd jdpes due to sockets : Such pipes should be 
pulled up and down for f^hort distance till the soil around 
collar becomes loose. A powerful effort to pull it down or 
up will only jam it more. Sometimes dynamite is used 
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to Icwsen the w)il around the pipe. 

^ Th? wf length of pld^i 

tot in“ cnSr* The bottom of this blind pipe shoo'd tea 

littifl alDOve the bottom of the boro t 

w“^S>Tthe weight of the whole P'l*length 

which the bore hole pump howls am hoiHed (for compo 

pipe: Bo™* pipe which has been struck in 

^ 'to . ~t of a plain pipe to 

Batt plug: an “oTfl” on the iaiiida 

anTaming took lowered t^th a wire robe from the top can 
be caught into it “d.%geneially used 
® Wn5‘^ckeS joSSrnn&rf and O^eed 
^^^,*''kpU withflosh ioint® have to be thicker than other 

blit ^ine and withdrawing U oasier. 

inch .rett-nge^" i‘o7S 

*“ *« S ^aoS'pamjn*' Is a boring tool used with per- 

Jo^riluSid is mada of a steel pipe aboirt th^ck. 
^ ia about S' leas than the boro of the casing 

Btid length varies from about 6 ft to 10 ft. A cutting 
Afha^teel ifl welded to the bottom of this pipe and 
at the bottom. AfUporbaU va!™ 
^ fitted inaide the sludger pipe just above 
putting shoo, to retain looge material. The sludger i^ used 
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for biini^ing up loose uvud or rock firom iiuitidlo the hole. 
Strainers or Well Screens, The size of the openiogw of 
a strainer depond upon the character of the eoil encountered. 
The openings musb be email enough to prevent the entrance 
of an)r lar^e quantity of sand. The net total area of the 
strainer opening should bo such that the discharge Telo¬ 
city from the u ell is not more than 6 ft, per sec. A Telo¬ 
city of 3 ft. is necessary in the tube to keep in suspension 
and be lifted out ’with ’water the fine sand pa3.sed by the 
strainers. If the velocity is low, the fine sand 'will scttlo 
down and la likely to gradually choko the well. Some 
engineers prefer to have a very low velocity, not exceeding 
2 to 3 ft. per sec., so that much of sand ia not moved with 
the water and the strainer is not clogged. In the case of a 
centrifugal pump the most- suitable velocity of the ’water 
going to the suction pipe is considered to be about S to 10 
ft, per second. Wlicre this is not suitable with the sand of 
the strata, shrouding La done. However, It is considered that 
the Eqperfidal area of anpprforatcd surface in the perforated 
tube should bo more than tuico the area of perforations to 
prevent eddies and back flow, Tlie sand of tbe parti- 
cuiar stratum met with is pa&sed through a sieve and the 
aieTO which retains about 10 p«r cent, of dry sand (this will 
retain about 20 to 30 per cent of the material wben wet) 
is Considered to bo the correct size of straineF for that 
stratum. (If the stratum consists of sand and gravel 
combined, only sand is taken for sie^dag). If the sand is 
verv" uniform in size, a finer screen is used. Whero salts 
ate pre^nt in the ’water which corrode and choke the Sytteens 
hy deposit ion of carbonates, larger sbt area, or low velocity 
of infloTiv should be: provided. 

There are variouB proprietary makes of strainera and 
are gencTsUy made of iron sheets, bra.'is or other nomfoirous 
metala, about thick or more according tn the dlantcter of 
the strainer. The section of the slots is trapezoidal, tba 
narrow end oonfomung with the eaze of tho strainer ’which is 
on tbe outside and in practice tbe w'idth generally varies 
from 0.004 Inch upw'ards and the opening i.i flared towatda 
the inside to prevent packing of fine partienJaris in them. 
The screens are generally measured in thousandth of an inch. 
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Tlrni a 20 size strainer implies a size of 20/1000 inch. 
Wliere a gan^e (straining material) La ^Trapped round 
the perforated tube, tho GtrAining material (gauze) ahould 
not be in direct contact vrith the perforated lubeT as there 
would be a likelihood of the perforatioiis being choked up 
and also Oif the area of the perforationa being retfuced 
but should be fixed at a diitancCr A strainer which boa 
slit like openings is less bkoly to choke than one having 
woven wire meafi or small holes. Since the wells sometimes 
fail because of corrosion of screens, a corrcMdon-resistant 
metal should bo specified. In the case of irrigation welU 
the perforations in the inner tube are kept large enough 
and sufficiently far apart. 

Tlie tube types of screen are generally more robust than 
the wire-wound tj-pe and should be used in formations 
where falls may be e^upccted. 

The indraw into the strainer is not uniform throughout 
the length of the strainer and the gross discharge docs not 
vary^ directly with the length of the stramer and thus, it 
would be uneconomical to have a uniform diameter of the 
filrainer throughout itvs length. It ia, therefore, desirable to 
vary the diameter of the atrainer retaining the optimum 
velocit}' of at lea^t 3 ft. per second oa far ua posaible. llTicn 
there is freedom of choice as to the length of a strainer, a 
very satUfactoiy proportion is to make the length 150 times 
its diameter. Suitable lengths of fllrainers of van-ing 
^anicters from 5' to 10' may be used with blind pipes 
in betiiTeen, But where the atrainers have to be extracted 
for Some reasons, a pipe with different diumetera w'Ul 
offer a great difficult 3 '. For a discharge of one cusec, the 
size of the pipe will be about 6' to give a velocity of about 
5 ft. per sec. and if the discharge is 11 cuaece, the vcloeitv 
will be about 8 ft./sec. A 10* diameter strainer of 130 
ft. total length is sufficient to give a discharge of 1.5 cusecs 
with a max. depresHion head of 12 ft, and a velocity of obout 
3 A:, in the tube. It is not ncMjcssary to increase the 
ai?A! of the blind pipe above if the fitralncia arc of a big- 
ger si?,e. Thera will lie no difference in the discharge aa 
long as the depression is the same. 
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StiToudlng or Gravd Packing o! Tube-WalU 

Where the Trater bearing stratum is of uniform fina 
sand which is subject to flowing at the volocity the water 
enters the screen or consists of uaconsoUdated foramtionSj 
a layer of coarse sand and graTol is interposed between 
the strainer and the soil to a thiokness of at least 3 inii. Thia 
will prerent the incoming of the fine sandr increase the area, 
of percolation and lower the velocity of the water as it 
leaves the aquifer* V'arious raethctds of construction are 
used but the conunoneet is to drill the well to accommodate 
a larger outer casiiig which is lowered to the bottom of 
the well and the strainer and the inner casing is centered 
into it. The outer casing is ivithdrawu 1 to 2 ft* at a time 
and gravel filled Lu gradually. For the first 3 ft. fat the 
bottom] generally coarse sand w added. The packing 
gravel should not bo very coarse otherwise the well will 
not work. It should prefembly be graded* of size passing 
through a atToen of 10 meshes to the Uneal inch (Tiith max. 
size up to I') and retained on a 40 mesh to an inch screen* 
Over-pumping is used to develop the weU. The larger 
the dianiioter of the etuouding the better the result will be. 
Normally, for a fi-iu, diameter tube-well which is to be 
ehrouded* boring is done with cfLsing pipes of 12 to 15 in. 
so as to have sufficient thickness of the gravel* 

Develcpment of New Wells. A tube-well draws at 
first a considerable quantity of the fine sand with the 
water which gradually clears up with pumping, but some¬ 
times it is in such quantities that it has t j be removed by 
bailing. Overpumping is sometimeH practised to facilitate 
this process. Wliore fl^e velocity is high it will carry some 
fine snnd with it and some uill also ntick on the outaide of 
the straining material graduall_v diminishmg the flow. 
Reversed flow should be resorted to under such condi* 
tions. This may have to he repented ocveral times. 
The draiv off from a ticw well shouM be increased gradually 
so that sufficient time is given to the cavity to form* other¬ 
wise all the big and small particles will be dislodged and 
will choke the strainer. ^This is known as ‘'educating the 
tiibew^'ll.’'' 
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Cholied Strainers : Remedial Measures' 

Clogging of screens is the most fref|nent souree of 
trouble. ExcesHive pamping may carry sand into the pcrcens, 
or incTtistations of lime may occur; this is cabed, (t) me¬ 
chanical and (if) chemical choking. Clieniical action ViiU 
deteriorate strainers by corroi^ion TPhich can be very much 
reduced by providing a large slit area or low velocity of 
inflow* which will mean less depression head and reduced 
liberation of carbon dioxide. 

Reserved motion of water called “^back blowing" 
or '*bnck washing" LiJ helpfh) to promote flow of 
sand particles which have clogged the pa.ssage. (Back 
washing is the process of cleaning the strainer by forcing 
water or air under prcBsure from inside the tubewell* through 
the strainer «lota Into the surrounding strata,) Surging 
is done by raising and lowering a plunger which on the 
downstroke induces revcTSO flow forcing water outward 
through the screen. Air is blown into the strainer under 
pressure or water is pumped into the well with a 
pump or from a high level storage tank under pressure 
through a water jet tube over the stramer openings. This 
will dislodge fine sand or day particles clogging tho strainer 
holes. 

Incrustations of lime can be removed by pouring sul¬ 
phuric or hydrochloric acid into the well, allowing it to 
remain several houis and surging to dislodge the loosencid 
matcriah This is called “aeidiflcaiion” or “acidizing". 
Heavy pumping should then bring np the deposits. Re¬ 
petition of the above proceaa may be needed, lliliere the 
stratum is clayey or is high in organic matterT double ncid 
treatment ia used, the Hrst as deacribod above and tho 
Bccond using commercial sulphuric acid. 

Another method is to operate a turbine pump without 
a foot valve and then stop it, the water in the pump column 
will cause the back flow. 

Mechanical choking (duo to sand or silt) cun usually 
be avoided if the velocity of inflow vs lower than tlie opti¬ 
mum velocity capable of disturbing the uiatcriaU surrounding 
the strainer* 
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The life of a strainer depends upon the type of saltfr 
present in the i^ater and the effects of their ehenucal action 
on the mettJ of which the stramer is made, llild steel 
and cast iron are attaeked by Bodinm salts; under ordinsfy 
conditienns steel may last for 15 to 20 years. Copper is 
attaeked by sodium carbonate and sodium chloride; brass 
Li not readily attacked by the salts usually present in the 
soils. Where the screens cave in or cohapi^o or corrode 
and leaki alloiving water to pfieape into the ground, re¬ 
placement is necessary. If the well is of a large diameter^ 
a smaller casing may be placed iufiide the old one. 

House-hold Tube-Wells or Hand Pumps 

Hand operated pumps are used where amall quantities 
of water are to be raised from shallow wells or tanks. 
The common house-hold tube-well fitted with a hand- 
pump is called the Such pumj^ 

will generally raise water with a euction lift of _4 
but it should not generally Iw kept more than 20 fc^t. 
These pumps generally require priming. In operation 
the valve in the pifiton is clotfied on the upstroke (and o^ned 
on the downstroko), thus pushing water from the cjlmder 
and out of the spout while at the same time drawn 

into the cylinder through the second v.flJve which is open. 
There are various detngns of these pumps and generally 
deli\'er v‘ater eomewhat intermittently. Force pum^ 
are gciierallv made for raising w’ater 
feet and do'not require priming. Inidde the pump barrel 
ia the bucket controlled by a piaton fixed with sletl rods^ 
generally submerged in water. 

In its simple form it consists of a wrought iron strainer 
tube of about -t to 8 ft. length and U to ^ inchea diameter, 
perforated with small holes. A layer of fine copj^r or 
brsfa wire-gauKC is wrapped round the perforated tube 
to act as Q straining material and over this a layer of thin 
perforated metal sheet [generally of bras.sj is fastiticd 
to act as a pirotection to the wire gauze. The water¬ 
way area is consideralily reduced (up to about 75 percent), 
threugh the straining tube in this manner. The ^ttom 
end of the straining tube is provided with a ateel dnimg 
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point which is conical in shape and of size a little larger 
than the (liaraeter of the tnh« at it^s upper end so as to 
form a bigger hole than the straining tube. The other 
end of the tube is connected with a wrooght iron pipe. 
The tube thus formed is driven vertically into the ground, 
for amat] depths, generally to the upper-most or coniyHira^ 
tively high water-bearing stratum. For bigger depths 
small borings aro made and the strainer tube lowered down 
as described before. 

For wells under 30 ft. a hand pump with a 4r-in- barrel 
and a stroke of 9 or lO-in. is convenient for one man to 
work, and will deUver abont 5 galls, per minute. 

In the case of a well for drinking the top of strained 
should be 50 feet min. below ground to avoid surface 
pollution unless unusually impervious earth (10 feet of 
compjwt clay) oceura at the surface. 

OPEN WELLS 

Open wells with stoenings can be made eoonornieaUy 
up to a depth of lOn ft. and Kacha welis op to 20 ft. For 
an open well with impervious lining in alluvial soil, the 
maximum safe discharge is taken to bo 0.15 cosbc. An 
irrigation well should he sunk about 20 to 25 feet below 
the spring le^nel ao that in year.s of draught there is a margin 
of about 10 feet leaving about 10 to 15 feet infiltration 
head. The supply of water is more reliable in allnvial soils 
though the construction of an open ivell in Huch a soil in 
difficult and of comparatively high eewt. 

In the case of impervious lined w-ells^ when the bottom 
of the w'ell is in sandy soil, it is usual to provide a layer 
of coarse sand at the bottom, a layer of fine gravel in the 
middle and a layer of hajri about 3 to | in. size at the 
top. These layers are al>out 1 fl. thick each and servo 
ae filters so that a dangerous cavity is not formed during 
the years of draught. 

In the ease of pervious lined wen.s (with dry bricks or 
intertwined bnishwood) in sandy soils, if brick-hallaat of 
small ffizo (about to I' ) Is put behind the lining it 
will prevent sand from the sides getting into the well. 
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Well Curbs 

51 ^ 3 ' be of wood, iron or reinfonied concrete and of the 
same width as the steening. A wooden curb is made of 
hardwood auch as, kikar^ shisham , sal, babqoh ta,marind, 
jamba. It is of two thickneaaca of wood for wells 6 ft. in 
dia. and tinder, and of throe thicknesseg for larger wells, 
strongly dove-tailod and dowelled together atid secured 
by iron bolts to avoid risk of the curb breaking up during 
gi'nking. When rings cannot be made of one piece acroan 
the width, the concentric rings should break joints; the 
upper and lower courses to be alternatively one-third 
and two-thirds of the 
whole width. An iron 
curb is made of 6 to 8 
triangular frames of angle 
iron covered h^^ to 
thick plate all touna+ Iron 
curbs filled with concrete 
should bo preferred. It is 
better to lay curb on a 
laj-er of clay w^hicli ia well 
below water level in dr 3 '' season. 

Vertical tie rods of about dia. ace fised in the curb 
at about 3 to 6 feet intervals and brought np through the 
centre of the steening masonry'. The length of these rods 
is 2 to 8 times their horiKontal spacing. These tie rods 
are anchored (with nubs) at the top (of tie rods) with a 
circular flat iron to thick and T to 6' wide; another 
plate may be used in between (the curb and the top of rods) 
if necessary. This will enable the masonry to aink vvithout 
craeking. 

In some places where majority of wells are sunk 
through hard aoil, it is not the custom to use curba, but to 
build the steening of the well on a ledgo formed in the aoil 
throiigh which the well is sunk after the excavation of 
the wt'U is complete. In sudi c .ses, the stecning should 
be started at such levels of the foundations where there 
win be no danger of disintegration subsequently taking 
place below the level of the stooning. Above the commence- 
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meDt of the stecnjng the fimshod dfamoier of tLe i,veU 
is 2 ft* greater than below it. 

Where a well to Ijo built ou a curb, a circular pit is 
dug at the site about 4 to 5 ft* bigger in diameter than the 
outer diameter of the wefl, and up to the spring level or 
bottom of the upper stiff strata. The pit should be dog 
uitb an inside slope of at least li : 1 in good soil or 1 ; I 
in light soil cut in steps up to 6 ins. above the water table. 
The curb ia laid and steeuing built up to about S to lOf 
feet above ground level. In under*siinking wells groat 
care shoald be token to keep the ateening truly vertical *, 
for this purpose three or four plumb linen sbould be kept 
Buspended roimd the inside of tbe ateening, and the well 
should not be out of plumb by more than i in 50 (max.). 

A platform is built on the stecning masonry project¬ 
ing half inside and outside leaving about 5 ft. diameter apaoo 
iaside for remos-ing the excavat^ stuff. The platform ia 
loaded with gunny bng& filled with sand or some other 
usual nrrangements are made. If there is a hard layer of 
soil on one tide arid the well does not sink muformly, tho 
load on the platform is adjusted accoidiugl 3 % Care should 
be taken that the dredger does not make too deep a sump 
below the cutting edge of the well curb, and tho sump 
should not bo deeper than the inside diameter of the well* 
Care should be taken to take out the earth only from the 
centre of the well to avoid unequal sinking. Sinking 
of the weD should be done after allowing setting time of at 
least 14 days to the well masonry built above the curb* 

In sandy soEa sinking is expoditod by bailing out the 
water from inside the well. Qfl,re should however, be 
taken to stop bailing out water immediately a "blow*'* Ls 
threatened. (Sinking of wells has also been describeri 
under "Bridges".) 

The dischiirgo from an open well can be increased by 
sinking a tube-well in its bed* The bottom of the w'eU is 
Sealed with cement concrete. Open well?; can be provided 
with pumps of the force tj^, i.e,, with a cylinder submergcrl 
in the water. 

Wall Unlngs or SteenLng* The stecning is msuaBy made 
of brickwork or masonry* I*arge cement concrete rings, 
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2 to 3 ft. hi^ ato abo used. 

In alluviiil hoiIst wells Tvithout limng are precticable 
only up to depths of about 18 to 30 ft. 

To prevent lafiliration of dirty surface water into the 
well, the fttecning ahould be made water-tight and also, 
when filling up the excavation, to hack the lining with some 
impermeable material, such as puddle, for S to 10 ft. from 
the surface and about 3 ft. thick. Ericks with mortar 
are sometimes used for a dhstanee of about 10 ft. from 
the ground surface with dry joints below. UTiero the whole 
of the lining ia made impervious, the ^vater can percolate 
into the well from the bottom only. Weep holes 6'x3' 
for the admission of water are left at intervaJa in the stecning 
and which should be omitted in shallow wells. 

Thickness of Steening of Wells 


Depth of 
well frotdi 
ground 


Suggested th^okaesa in ft. for diamatnar of wnU 


Diameter of well 


m fti, 1 

5^ 

10' 

IS' 

20' 1 SO' j 40'' 

])> 

11 

ft 

ft 

ft : ft ! ft 

‘IG 

V* 

ft 

ft 

ft 1 ft 1 H 

SO 

ft 


ft 

ft "t 1 t 

40 ! 

ft 

ft 

ft 

1 2} 1 31 

no 1 

ft 

ft 

2i 

' 3 3f 

80 1 

ft 

n 

2| 

3 1 

ino 1 

n 

21 

3 


ii:o 1 

21 

0 

»t 

1 

1 1 


high 
akin fnctioa 
u nntioi}:kaL’ 
cd thiQkuCsa 
df tho 

iug should 
be inaren^nd.^ 


For rubble masonry steeniug for smaller depths, the 
thickness may be 3' to 0' more than the respective figures 
given above for brickwork st-eeniug. 

KruAha ireii? without lining wliich are of temporary 
nature can be made only where the spring level is not 
below 10 t-o 15 ft. from the ground level and tho soil can 
stand Vertically (or with a slight slope). 

Cavity Wells. Are tube-wells which, being without 
etramers, draw their supplEes from a cavity developed in 
the water bearing aquifer at the end of the pipe. A cavity 
well can be formed in a suitable water bearing atratuni 
wliich is just below a good hard clay, conglomErate or a 
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atone layer capable of Rupporting itself. This layer b 
pierced through and a cavity developed by pDiupingi a 
sand pump is used for the purpose. When constructing a 
cavity well, the sand, pump should be worked 5 to 6 ft, 
ahead of the cutting shoo of the boring pipes. Thb 
cavity can be developed further by pumping either with 
an air ocunprcaaor or a pump. The well should preferably 
be over-developed to some extent. Tlie process of pumping 
is repeated till the water becomes dear of &and partidcs. 
There is no atrainer in a cavity well. 

liovlder icell i& a cavity well through aquifer contain¬ 
ing boulder, gravel and sand. 


Discharge of Water Lifting Devices (Approx.] 



Dovico 

Dio. in 

gulJa. per 

Lift ib ft-, 

fqr which 
&all4ibte 

1 


2U—'60 

15-^0 

g 

Mate or CbatSfl ++, „ 

20^3iJ 

20—60 

1 

Satl ,.. ,IT 

15—30 

5—30 

4 

lrf>t, PUfiotah or Denki 

6—15 

4—15 

0 

Archm*; iian BCrow ,, 

20—35 

3—6 

Ct 


20—35 

2—3 

7 

Bofllcst,.. 

35—70 

1—3 


11 PHEFARATION OF PBOJECT ESTIMATES FOB 
WATER SUPPLY SCHE3dES 
(For fuller details see Scetioii on "Eetiniating.”) 

A project estimate should give the following details 
in the Report t— 

(t) RcflBotia ncceasitating an improved and additional 
supply, 

(ii] Naliixe, quality and quantity of existing supply 
and its Bourcea. 

(ii() POBsible sources of additional supply and arrange¬ 
ments for its filtration and purifieation, etc. 

(iv) Area and the number of people and approx, 
number of aiunials to be catered for, 

(v) Estiniated daily aUowance per head in gallons, 
and hoW' calculated, 

(H) Provision for future developmenta. 

(rii) Wlietber the supply will be metered; constant 













WATEE SUPFLV 




or ixkterznjttent j$upplj proposed. 

If pumping IB cant«mpLat^, the aimiuil coat of 
working the pumps should be estinLaied. 

(ur) The mode of caJcuJatiiig diiuemuoiiB of pipes 
etc., and the formulae us^ should bo luentiotied. 
Estimate should indude for the ooet of quarters for 
the staff of the pumping house^ 

Details will have to bo worked out for the total cost 
of the scheme, ito annual mamtenancc, doprociatlon of the 
plants, and running espensesj eto.^ and the water rate 
proposed to be levied. 


The following coats may be taken rouglily : 

Pumping stations .. .. 18 per cent of total coat- 

Eeservoira.. 

.. 6 

J> 

Filter plants 

..10 „ 

tl 

Distribution system 

.. mtolo 

7t 

Supply 


75 

Building works 

<■> 

IP 

Meters on oonaumers side 

,. 4 to 5 



Total eoat of a water supply scheme comes to about 
tmcludmg interefit and depreciat ion) Rs. 300 for big schemes 
to Rs. 1,000 for smaU schemea, p^r million gaUona of water 
supplied. 

IMiiintenanco of distribution system including valves, 
fire hydrants and services will be about Es. 900 to Es. 1,800 
per mile of mains annually. 

Water treatment costs will be about Rs. 100 to Es. 180 
per million gallons. 


The following annual depreciations may be taken :— 


Mains, valves, meters 

1.5 

to 3.5 (av,2.o) per cent 

Plumping plants 

.. 5 

37 

Filter plants 

. . 3.5 

JT 17 

Meters (cooeumers) 

.. 3.6 

11 IP 

Buildings _ 

2 

IP t* 


Sucb schemes are generallv made on commercial basis 
and profit or loss has to be juetifird. 

An Indea map of each 7 .one abould be prepared show¬ 
ing tlie line of mains and diatritutary piping and sites of 
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filter beds, settling tanks, service rcseiroirs, pumping 
house, etc. 


Tlie maps may be prepared on the following scales; 


Index mapa of ^ones 
Alignment 
Index maps of the 
whole to ATI 

Longitudinal Sections : 
Hor, 

Ver. 


r=^300 ft. or 400 ft. 
l'=200 ft. 

l‘=l mile. 

l'=200 ft. 

r=io ft. 


A contoured plan of the town on a scale of S'“ I mile^ 
showing water Tqains, branches, valves, aervice reiiervoirs, 
pumping stations, boosters, roods and streets, etc. 

Detailed drawings of different units of treatment works 
on a scale of l'=lb ft * 


SECTION Ifl 
DRAIKAGE & SEWERAGE 


1 ^ Surface Drainage or Flood Drainage ., 16/^ 

Intensity of RainfallRun-off from C^teb* 
menta; Time of Concentration ; Inipenoe* 
ability Factor of Surfaces. 

2. DeaigZL of Town Drains at Sewers .. 18/7 

Systems of Drainage; Cbmbioad and Separate 
Systems ; Open Drains Ln Small Towna; Sb&po 
of Street Drains; Sue of Sewera for Different 
Systems ^ Volume of Sewage for Dealga ; Sise 
of Sewers; Storm-OTorflow ; Rainfall for 
Deeign ; Self-Cleansing Velocities; Domestic 
Drains; Eluflhing of Drains and Sewers; Stan¬ 
dard T^pe Design of Draina ; R. C. DrainSv 

Sewers; Shape of Sewers—^Cirenlar, 18/19 

shaped^ Horse-shoe Section, Semi-olHptieal 
and U-ahape; Choioe of Materials for Making 
Sewers ; Earthen-wure Fipee, Teats of 
Pipes; Cement Concrete and Asbestos Cement 
Ptpffl; Cast Iron Ftp®- Btasonry Sewers; 
Setting out Sewer ^nea and Excavation; 
Bedding Methods; Laying and Jointing Pipes; 

Sewier Crossings; Branch Connections of 
Sewers; Tabl^ for Discharge and Velocity. 


3. Manholes ,. .. „. 16/41 

Spacing of Manholes; Size of Manholes; 
Manhole Covers; Lampholes; Ventilation of 
Sewers; Maiateoance of Street Sewers. 


4. Houae Drainage ... .. .. 18/47 

Traps ; Inspection Chambers; Ventilation of 
House Drains; Intercepting Traps ; GnUy 
Traps; Grease Ttap ; Anti-siphnnsgO 
or Vent Pipe; One and Two Pipe Systems; 

Sinks ; Baths ; Watef-Cloeets; Closet Ran^; 
Flnsbing Gistems; Urinals ; lavatory Basins; 
Clicmical Toilet; Sizes of Bpea and Trapa for 
House Drains 
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Testing: BrairtEge Pipes for Lenkago ; Smoke Test ; H^59 
W'atcT Test 

Cast Iron Pipes ; SoU Rainwater Fipea ; 
Wrought Iran, Steel and Brass Pipes ; Flunking 
and Warning Pipes ; SanitaLry Latrines; 

Water'Seal Lati^es ; Ptore-lioJo or Plarth-pit 
Lotrinca ; Service Latrines; Septic Tanks 
under Latrinee-Aqua Privy. 

5* Finnihiiig and Internal Fixtures » , 16/64 

Joints for Various Kinds of Pipes; Solders 
for plumbing Work; Cement for Hot W'ater 
Pipe Joints i Sanitary Appliances. 

6. Standarde for Public Saoitaiy Convenieiioes 16/67 
House Disposal Works 16/68 

Septic Tunkfi^ Ceaspoola and Seepage Pita 
Diftpoaai of Soilage from Tot^ns .. 16/74 

Site of Diaposal Works ; Preliminary Treat¬ 
ment of Sewage; Screens or Eacka; Grit 
Chambers or Detritus Tanks ; Skimming 
Tanks ; Sedimentation or BettHng Tanks ; 

Dosing Tank; Chemical ^ecipitatiou cd Sewage. 
Sewage Filtration— General PrincipieB : 16/80 

Contact Beds; Feroolating or TrickUng Filters; 
lutennittent ^ud Filters; Sludge Dtgestiun; 

Humus Tanks; Nature^s Methods ter Puri¬ 
fication of &^wage through Baoteria. 

Activated Sludge Process 
Trade Wastes or Industrial Wastes. 

Pumping Sewage. Pumping Stations ; Number Ig/g? 
and Capacity of Pumps ; Valves on Pumping 
Mains; Pneuraatic Fjioctora. 

Methods of Sewage Disposal : By Dilution ; 
Treatment of Sewage on Land : Filtration ; 

Broad Irrigation; Absorption Trenches. 

9. Sub-soil Drainage .. *. .. 16/93 

10. Preparation of Drainage Schemes . . 16/94 

11. Glossary of Drainage Terms . 16/96 


L SURFACE DRADfAGE OR FLOOD DRAINAGE 

{Aiao Sections 17, IS and 10J 

RuCK^ff Is that part of the total romlaJt which reaches 
s ttnein, drain or sewer or any given point from a oeitaii: 
catchment area within a given time. It is the total rain- 
bJZ mifiuB evaporatioD and percolatioii looses. 

Interalty of Rainfall. The maximiLiii latn&H daring 
a ahort period (usnnlty taken at one hoar) ia rgt TJe d the 
’^intefisity of roini&U''^ The intensity of rainfall generallv 
varies both over the catchment and within the period of 
storm. Storms of ehort dqratioii a>ro more int^ise Gum 
ftorms of longer duration^ and larger the area the smaJler 
the over-aQ intenaitj. 

Caicinnent area or bonn Ineatui the area 

from which rainfall flows into a drainage line, onthij) 
or reacsToiTr etc. The boundary line of tl^ haaia ia ralM 
the uoter-sAed. 

]>rain8 and sewers are designed to take the nin-oif from 
the drainage area resulting from a atorra. which is oonai' 
dered to produce the greatest momentary mn-off that 
con occur once a year- ExcepGonaliy heavy storma of 
mre occurrence are permitted to cauae flooduig on the 
ground that the damage done by such flooding does 
not justify the provision of large sewers at heavy extra 
eoete capable of taking the heaviest flow likely to occur at 
any time. 

Since the intensity of rainfall ii not uiiifonD thiongh- 
out the storm peri(^, the following formula is naed to 
arrive at the maximum intensity that is likely to occur 
during an interval of any one hour within the duraGon 
of the storm — 

‘= * + v) 

Where ; [= the maximum intensity of rainfall in 

inches {one hour ramiall); W= total rainfall of the storm 
in Inches ; t~^ duration of the storm in hours- 

For calculating flood discharge for the design of bridges, 
Gie severeet storm ever experienced in the region ta eon* 
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siderod. Fflf the dflw of mmor bndgea aod stonn ^tei- 
drtina. it wiU be aumtafint to take "one-hour rainfall « 
4 to 5 mchcs for arean of intenae and prokingod 
and 2 to 3 inches for other areaa in India. This has to 
be modified further with the time of conoentiatioa to nmvo 
at the critical (or dea%n) intenaity, _ , . ^ 

The critical intensity for a catchment la that max. 
intenrity which can occur in a time interval equal to the 
conoentmtion time T of the catchment and can be found 
from the ccfuation i 


(t+1 ) 


I is crlticaJ intenrity 


The higheat intenaaty of rainfall in inches ia given below 
for some of the towns in India, observed during recant 
yearn (as sup^ied by the Meteorological Deptt.) 


Town 


tR«n' 
fall 


Agart^la 

AhmetUbad 

Alkltab«d 

AmHisar 

Auniol 

BjuigelerB 

Barodft 

Bhopal 

Bolcoro 

Boiotw; 

Colcnitta 


].as 

3.00 

3,00 

3.B0 

UM 

1.42 

3.00 

1.40 

!.40 

l.BO 

5.04 

3.64 


Town 


I^Raiii ^ 
fall 


Chifcaltuia I 
Chirraponji 
D«lhi 
Dh^nbad 

Qtya 

Haxaribeeh. 

Hyderabad 

J^a^daJpuf 

Jaipur 

JanwbadpiiT 

Jodhpmr 

Kodaikanal 


1.46 

5.00 

3.11 

1.03 

iM 

1.66 

1.72 

1.46 

1.74 

3-30 

i.ae 

3,5fl 


Town 


Uadraa 

Xahabaleahwar 
Mar^aloia 
Nagpur 
Facna 
Part Blair 

SaUgor T*liUkd 
'rriva4idrncii 

VengUrla 

■Vetaval 

Yiaakhapatam 


tRaui. 
fall 


3.13 

2.00 

1.56 

1.90 

3.10 

2.33 

0.00 

1.00 

1.00 

1.00 

3.00 


^Higheet latecaity of rainfall in inalua per hour. 

The maiimuin rainfall of a ia usually taken to be 
1.51 tlmee the average annual ramfall (of S5 yeare^ (See 
n^er “Storage of Rwawater for Irrigation" in Section 17.) 

Time ol Coaseutrotion. This is the time requii^ for 
tb* storm water to run from the moat remote point of 
the area imdor oonmderation to reach the point tn the 
BBwer at which the marimum nm-offis bei^ estinai^ 
The time of conoentration dependa upon the slope of tl» 
ground distance to be travelw and the nature of the aaiL 
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An engineer 19 conomied with the miiinium rat® of rtiin>ff 
and thia occurs when the duration of the etorm J 3 equal to 
the time of conoentration, becauae if the periods an abort, 
the whole of the watershed wUl not be contributiiig tlw 
water, and for longer durations the intensltj ofrarnfafl 
will be smalleTi 

Ron-oir from Catchments. Run-off or water 

flows from eatchmcnts depend upon a nomber of factors 
Buch as intensity and duration of rainfall, area and shape 
of the land and its contours {aJopeeJ, initial st^ of wet¬ 
ness ; loeaes from evaporation (depending upon the ehmate) 
percolation (dependii^ upon the nature of the khI and its 
absorbing qualitiee), transpiration by vegetation, etc. 
Other factors being equal, a catchment with a l^er 
average rainfafl will show a higher average Iobs. Floods 
from a larger area will take longer to rise and be of leea 
intensity relarive to that area than fltjods from a smaller 
catchment. A rational method has been evolved in the 
form of the following general equation for calculating the 
flood discbarge of an area '— 

Q=RxAxP 

where ; Q^total run-off in c.ft. per seCr, Q is expressed 
as c. ft per see. for the reason that J in. per hour fmm 1 
aci«=l c. fl. per sec. R=intenAity of ma virnmii r aiiifiJl 
in inches per hour, baaed on oonoentratioa time j A= 
drainage area in acres contributing to runoff; P= 
factor of imperviDusness which may be taken as 
foUowa 


Impermeability Factor of Surfaces 
(^srtsentagf. ooeETident of nm-off for the catchment 
characteristics) : 

Btcep, bare rock ,. ,. ,. o.90 

Bock, steep but wooded «. ,, O.gq 

plateaus lightly covered, ordinaiy ground, hare-. 0-70 

Densely built up areas of dties with metalled 
lusds end paths .. -. 0 . 70 — 0.90 

Rcaidciitial areas not densely built np, with 
metalled roads -*0 50—0-70 

Ditto., with nnmetalled roads - * - * Q^ZQ —O-flO 

Clayey soils, etifr and bare - - *. 0*60 


16/6 HTDIAIN PRACTICAL CIVIL B^IDENjEBRS^ HANDBOOK 


Ditto., lightly covered .. .. .. 0-50 

LoAin, lightly cultiv&ted or covered .. .. 0.40 

Ditto.p la^lj cultivated .. .. 0.30 

Snbnrhe with gardens, lawns and macadainized 

raadjs „ 0,30 

Sandy soil, light growth . ^ , o.20 

Ditto., covered, heavy bush . ^ ,. OJO 

Jungle areaa *. ,, .,OdO—0.20 

Paries, lawm, meadows, gardens, cultivated 
w™ .. .05—0.25 


The maximnin values should be used for small districts 
having steep slopes, and the TniTiimnrrt values for large 
and oamparatively flat districts. 

Run-off from fan-shaped (a shape more or less like a 
sector) eatchmenta are greater than from fem-shaped 
(elongated} catchments. Rugged surfaces in the catchment 
area reduce the run-off whereas smooth surfaces increase 
the run-off. The following pereentagea give approxi¬ 
mate flood run-off available from the total predpita- 
tion :— 

^ to 55 per cent in coastal zones; 55 to 30 per cent 
in intermediate or transit zones; and 30 to 15 per cent 
in dry zonee. 

Rainfall lost in 

Evaporation and aheorptiou by vegetation 30 to 50 % 

Paroolation ,. .. .. 15 to 25 % 

Available as surface run-off .. 25 to 55 % 

(Also see under "Water-ways for Ecidges" in Section 10.) 

A mn-off of I inch per hour &om 1 sq. mile =645.33 
c. ft- per second. 

A rnn-off of 1 inch per hour from 1 aero^l c. ft. per 
second (apiKOX.), and a run-off of | inch per hour &om 
1 acre=| ciLsec., and eo on. 

1 acre covered I inch deep=22,650 gallons. 

The catchment area should be divided into amnll 
sections with reference to ihe runfall and topography, 
the discharge or run-off from e»oh section worked out 
sepatately and added. 
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The 11^1 praclioe in the Punjab is to deeigu atom 
water drains for a flood capaeitj of 4 cosecs per eq, m?U 
of the catchment area in the heavy rainfall or oanal irrigated 
tracte. In dry areas, drain capacitiee of 1 to ^ cuwcs is 
considered aufficient. 

For the desi^ of btmich sewers, calculation is lAade 
for each small oomponeot area of the total draini^ area. 
The flows in the main aewem are not the total flows of 
the branch sewers so dotennined bedatiae the storm* 
water takes longjer time to reach the main sewers than the 
branch sewers, and therefore the applicable rainfall in^ 
tensities are smaller. 

There are a number of empirical formulae for calcolat- 
log run-offs of catchments wmcb are not stnctly accurate 
and varying results j their use should bo avoided. 

It will be appreciated that there are such a large number 
of factors in the estimation of mn-off which are impossible 
to assess with any great degree of accuracy. Elaborate 
methoda should be deprecat^ because they give a faLw 
impression of accuracy, which is, in fact, unobtainable. 
The calculations should be as simple aa possible. 

The rate at which rain water reaches a sewer of « 
culvert:— 

C. ft. per bcc.T At. c. ff, of*^ |A^ abpe 

per acre rea. L=Cx rain-^ per j igrouiid in ft. 

ching eewer J second per j'X jper 1000 ft 



'tf drained 


C is impermeability factor. 

2. DESIGN OF TOWN DBAINS AND SEWERS 

Systems of Drainage. There are two principal aye* 
terns known as the comhined and at'paraU a 3 ^temflH. In 
the former syatem, one set of draine or aewere Is provided 
for the removal of both the B<^-auwage or soilage and the 
rain water. In the Beparsto systcnij two sets of sewers 
are provided, one for the soU-sewage and the other for 
rain water (or one underground sewai for sewage and one 
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sarface drain for Toinvat^rJ Both the ejotema hare their 
ad^ntages and disadvantagca and in moat cases a partiaSy 
aeparaU is ooiiHideT^ most suitable. 

In the COM of a totally separate ayctem two bmnch 
drains or sewera in each street and two house connec- 
tions for each building aie necessary and it not only be¬ 
comes 14 to 2 times more costly thsn the combined system 
but aleo' more complicated. Separate ayatem is generally 
suitable for districts where the average rainfall per year 
exceeds 30 inches, snd a combined system where the 
rainlall is smalh In a combined sewer, which will be 
large and deep, it is not possible to obtain a aelf-dcansing 
Telodty during the dry weather when the flow is very 
small. Where a suitable outfaU at low level is not avsil- 
able and the sewage has to be pumped, the separate sys* 
tern boa definite advantages as the storm water has not 
then to be treated. In India, Bombay, Calcutta and Madras 
have separate systems while most of the other towns have 
drainage on putiaJlj combined syston. 

In the partially combined (or partially separate) sys¬ 
tem, the greater part of the rainwater ia paraed to the 
surface water seweta or open draina, but the mn-off from 
rtwfr, paved yards and streets i& discharged into the sod 
Sewers. 

Surface er Open Draina In Small Towns are generaUy 
designed for combined sulLage and (some) storm water 
Howsk For the <]uantity of ouliage, it is generally aBsumed 
that 60 to 90 per cent of the water-supply find its 
Way to the drains which must be large enough to cany 
the same in 8 hours, aa the rate of flow is not muform 
throughout the day. Therefore, the size of the draina 
ahociJd be 3 timee the average flow per hour (called "dry 
weather flow"). Where there is no water-supply and th* 
inhabitants depend upon wells and hand-pumps, water 
will be used much less and a lot of it will be spill^ outside 
and wfl] not be taken by the drains. In such cases, an 
allowance of 5 to 10 gallons per head per day wUl seem 
sufficknt according to the eitnation and the habits of the 
inhabliAnta, and availability of water. 

Ab regards the rainwater, it is very expensiva to pro- 
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vide for the maiimuni flood water which may P^" 

hapg only once every fifty years, therefore, only a rea. 
ao^ble figure is taken as the heavy floodfi are only of 
ihort duration. Where, however, th& high is justi¬ 
fied, proviaioa mny be made for the exception^ ramBtorn^ 
but where the cost is a material factor and the damaj^ 
caused by an eioeptionul atonn ia not likely to be great, 
provision may be made only for a atond which oocore on® 
ivery five years or In Bntmn. branch eewere ^ 

usually doeigned fur one storm (av,) a y^ and trm^ 
sewers up to one storm in five yeara. Silage water w 
usually led through intramural drains and storm water 
flow 4irough the main drains. {Also see further under 
"CapacHj of Sewcra." at page 16/11.) 

Shape of Street Drains. For «naU flowa, aemi-circnlar 
drains or some modifications of the same arc ^praUj 
adopted hut for large flows, especially drains taking up 
both snUnge and storm water, p^-top ^tions 
fcrablc. The cunette portion of the drain is assun^ to 
carry the suUage How and the full ewtiou storm 
Narrow and deep drains have increased velocities and are 

sui^ble for flat alopee. 

Stxe of Sewer* for Different Syftenu 

V<Aui» of Sowigo. Th» b ™'nX 

tioa of w»ter. It b gewrailr ^ 

consumption of water occurs within 6 hours, Thw givra 
an average peak consumption of : daily consumption . 
2 x6 (gallons per bead per hour). 

The amount of rewage flow per day per perren ^n^ 
raBy varies from 80 to 150 U.S. gaHoiw m America, ^m 
25 to 45 Imperial gallona in England and from 100 to 

Sr^63%.a. 6alb.rin 

oountriee. American wwsges ere generaUy three tim« 
greater in volume than English sewages but ^ of b^f 
Se strength (es they are much more dduto due to greater 
consumption of water per oapiU) of the latter. 

Slxe cl Sewers, The maximum rate of flow is ofli^y 
taken twice the average peak oousumptioo, therefore 
the capacity of a Mwer is four times the average^low ot 
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W hours (dry i^ther flow). This wifl aOow not only 
for tho fluotufttioiis of tlio hourly r&to of flow but aIbo for 
a small quantity of rainwater or infiltrataon as the peak 
domestic flow is not osoally more than three times the 
average dry weather flow. An average sewage flow of 30 
gj^ons per capiU per day (including bath and suU^ water) 
will do for most of the towns. Extra provision for infil* 
tration should be made at 10,000 to 40.000 gallons per mile 
of sewer per day, where considered ncoeasary. 1000 U.S. 
gallons per inch dia. of sewer is allowed in America. 

Where it is proposed to discharge part of the rainwater 
r u' yards, etc.) into Um soil sewer, the ip ye 

of the sewer may be increased to six times the average 
<uy weather flow, and also where the future extensions of 
the system cannot be accurately estimated. Storm 
water flow above^ this is diverted to a separate storm 
water drain. It is not considered good practice to make 
sewers larger than six times the average ary w*cather flow 
as too laige a sewer capacity means k)w velocity of flow 
resulting in deposits. 

AlUmaiive Design for Capacity of Sewers, 

Where drams or sewers have to bo designed for suUage 
(or soil-sewage) and part of storm water (from paved areas) 
combined, the capacity of the sealers is made large enough 
to carry twice the average dry weather sewage plus the 
run-off due to storm water. The amount of dry weather 
sewage is generally negligible as compared to the storm 
water. The following assumptions are generaUy 
for the quantity of storm water :— 

"Where rainfall is heavy and frequently exceeds 1 in. 
per hour, drains should be designed to carry a flow of 1 in. 

r r hour from the area under consideration in towns atxl 
in, per hour in country aide. In medium rainfall dis- 
^cts, an allowance of J in. in urban and i in. per hour 
in rural areas may be taken. In dry districts a run-off of 
i in. an hour may be taken for main d^os and | to J in. 
for branch drains. 
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Some engineers recommend the following nm-off for 
the design of sorfkce drains in town areas :— 


Av. annual 

up to 

20' to 

40' to 

80^ toi 

above 

rainfall 

20* 

40' 

80' 

120' 

120* 

Run-off per 
hour 

V 



I' 

r 


In town and dereloped areas more of the rain water 
finds its way into Uie drains Uian in rural districts. The 
run-off decreases writh increase in drainage area. (See Table 
below.) 

¥qt calculating the sizes of drains or sewers, the fob 
lowing figures of rainfall may be taken for town areas 
(where nearly all the streets are covered with impervious 
pavings) in regions of average rainfall of 30 to 40 inches. 
The town should be divided into separate sectors or areas 
for the particular branch and main sewers: 


Drainaga 
ares in 
screa 

Inchea of 
rainfall 
per hoar 

Drainage Ixtchea of 
area in I rainfall 
aorea | per hour 

Drainage 

1 area in 

1 aorea 

Inchea of 
rainfall 
per hour 

20 

1.00 

100 

0.45 

400 

0.33 

25 

0.02 

125 

0.44 

450 

0.31 

SO 

0.84 

150 

0.43 

500 

0.29 

S5 

0.75 

175 

0.42 

550 

0.27 

40 

0.67 

200 

0.41 

600 

0.25 

45 

0.58 

250 

0.39 

700 

0.22 

50 

0.50 

300 

0.37 

800 1 

0.20 

75 

0.47 

350 

0.35 

1000 

0.18 


Where volume of sewage is based on the water supply, 
it should be considered that a portion of the water supjMy 
is lost by evaporation, watering of lawns and gardens, 
and washing of roads, etc. 

Scope for future developments (for about 30 years) 
of the area and change of habits of the inhabitants during 
that period should considered. (See under ‘‘Prepara¬ 
tion of Drainage Schemes.'*) Design proceeds from the 
most remote point of the system downwards, for the main 
drains as well as the branches. 

Storm-water Overflow is a weir formed by the aide of a 
sewer to drop the extra flow to a storm water channel as 
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aoou a certain level of flow in the sewer la exceeded. There 
are a nninber of simple devices for such on arrangement. 

Surface water from atreets should pass through catch* 
pita before reaching the combined or storm sewer, 90 that 
Borne grit be arreeted. 

Setf-CleaD9lOf Velocities. It is essential that all snMage 
draius have «lf*cleaiising velocities as far as possible so 
that there are no aocnmnlations in the sowers and the 
sewage doefl not become septic^ In India sewage has been 
feund to get septic after six hours whereas, it takes over 
about 10 to 12 hours in cold countries. In cold coun¬ 
tries, a vck»citj of 2 ft./sec. for large sewers and 2^ ft./seo. 
for medium and small shee sewers, has been found satis^ 
factory. In India^ higher velocities are necessary for the 
climate and the habits of using ashes, fibrous materials 
and grit for cleansing of pots and pans, and should be at 
least 24 to 3 ft./sec. for open drains and 2^ to 3^ ft./seo. 
in aewers, to prevent deposition of grit and other solid 
matter. Gradient to give cleansing velocity depends 
upon the quantity of water Gowing down the drain, its 
crom-section and the full capacity (see further). Greater 
velocitiee are required for storm and combined sewers 
than for sanitary sewers. Velocities are calculated when 
running full or haSf-fuIl and which will fall below these 
figures when low floats are being earned. 

In designing a sew^er or a dr^, it la neoeasary to adopt 
such diameter and gradient as will ensure the attainment 
of the desired velocity at least diiring the periods of peak 
flow, l>aring the hours of low'est dischajge, the depth of 
Gow in the sewer may be only a fraction of the total dia^ 
meter of the pipe, and the velocity may be much tower 
than when the sewer flows to its full capacity. It ia de¬ 
sirable, therefore, to investigate the design on the basia 
of minimam flow enDditions. Sewers are generally cona- 
aideiTd to Gow only ooe-quarter fuQ for caJculaticiii of the 
velocity, which is only about 0.7 of the velocity when the 
sewer ii Gowing fall. Functions of Gow in a circuLsr pipe< 
for various depths are given in the Section on "Hydranlics.^^ 

A sewer flowing half-full will itself in good 
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order at a much flatter f^radieat than one flowioK otJy 
qoarter^fuU. Smaller fleweis require greater inclinatioti 
than larger ones, end stone-ware glaxed pipes lesser in¬ 
clination than brick Mwers+ Volume of flow in relation 
to the diameter of the pipe is an essential factor in deter¬ 
mining velocity. 

Sewers with amall average flow should have the fol¬ 
lowing min , gradients 

These gradients give 
4" dia. : 1 in 40 . 12' dia. : 1 in 1501 a velocity of a littk 

6' „ : 1 in 70 16' ,, : I hi 200 Uesa than 3 ft. per 

8' „ : I in 76 18' „ : 1 in 250 eecond when flowing 

9' „ : 1 in 100 21' „ : 1 in 300 J one-quarter full. 


In very flat areas where there is- difTicuHy in obtjdoing 
the minimum gradesj it is bad practice to enlsTga the size of 
the sower to obtain higher velocitiee. Tn fact, the pipoa 
have lower velocities when depth of flow is reduced. 
Even a slight reduction in velonity due to either inereaso 
in section, increase in roughness of surface or resUtanoe at 
bends, reduces the tmusporUng power of a liquid con* 
Biderably. 

ft. per seconds is generally called the eefonty 

for the seweis. It is the velocity beyond which if the sewage 
flows, a scouring action is exerted on the walls of tbo 
sewer and which is likely to damage the inside smoothness. 

Litniting gradients for various pipes to give vclodties 
of about 4i fl, per second when fiowir^ half-full(Re¬ 
quired for brickwork—not very smooth surface.) 


6' 

dilk 

1 

in 

40 i 

1 21' dia. 

1 

in 170 

9' 

t* 

1 

m 

60 I 

1 24- 

1 

in 200 

12' 


1 

in 

eo 

1 30- „ 

1 

in 250 

18' 


1 

in 

160 

1 36' „ 

1 

in 300 


The velocity must not be more than 6 to 7 ft./sec* for 
brick drains, 8 ft./sec. for concrete drains, 10 fb./seo. for 
cemented drains a^ IS ft./aoe. for vitrified pipes or drains. 

Large unlined drains should not have a steeper slope 
than 1 in 120(1 otherwise sconring will occur. Under culverta, 
drains should be given steeper gradieots say, about double. 
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If, in order to confirm to the nataral slope of the ground, 
a sewer would nially have to be laid at such a gradient 
as to p^uoe ^ velocity in excess of the above figures, 
the rorpliM available fall should be absorbed by the ^tro- 
au<^ion of backdrop numholes or drop walls and vrater 
cushions at appropriate intervals, and the sewer thus carried 
down the slope in a series of steps. The force of the fall can 
Also be broken by staggered horixontal pOates, a flight of 
steps or by means of a well or sump at the bottom from 
whi^ the sewage overflows to the low-level sewer. 

Sides of open drains may be with ^ to 1 slope and lined 
with half ^ bncks and clay puddling where necessary', 
make vertical walls (say 1 brick thick) according to the 
nature of the soil. * 

Side drains must enter main drains tangentially or 
throi^h curves at junctions; to secure a really self.cleansing 
jun^on the incoming side drain must be ramped down 
TO that It joim tangenti^y in section as well as tangentially 
in plan. ^ This costs a little more but a junction so con¬ 
structed IS always self-cleansing. Another important point 
at the intersections of sewer pipes, or wherever there is a 
diameter, is to see that the tops (or crowns) of 
the different diameter pipes are kept level, one with the 
other, as far as possible. 


Flushing of Drains and Sewen \Vhere it is not 
possible to obtain self-cleansing velocities due to flatness 
of the gradient especially at the top ends of branch 
severs which receive very Uttle flow, and where inverted 
siphons are ooxmructed, it is essential that some form 
of flushing device be incorporated in the system. This 
^ ^ done by making grooves at intervals of 150 to 200 
ft. in the main drains in which wooden planks are 
inscr^ and water allowed to head up and which will rush 
on with great velocity when the planks are removed. Or a 
chamber can be built at the head of each sewer Al- 
tcrnatively, an owr-head water tank is built from which 
connections are made through pipes and flushing hvdrants 
to rush water to the main drains. The capacity of *a flush- 

of the total cubic capacity of 
the length of the sewer to be nushed. The tank U made 
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about 15 to 20 (t. high. 

Velocities in sewers should not. however, be less than 
1.5 to 1.8 ft. per see. where flushing arrangements are 
provided. 

Sometimes automatic flushing tanks are used which 
are located at the upper ends of the laterals, or at the heads 
of branch sewers. Automatic flushing devices require 
much maintenance and care to keep them in operating con¬ 
dition, and are not generally recommended. Flushing can 
be very conveniently accomplished by hanc throu^ tbe 
use of a Tire hydrant and hose. 

Flushing should be done at least once a day. 



Values in feet of Hydranlio 
Radius (R) and Area (A) 
of Peg top Drains with 
140" central angle 


Proportion of 
dopth d on 
invert to 
Radius r of 
l>ase 

Radios r of segmootal portion 


8' 

»»' 1 


5' 

6' 

d«tr 

R 

.198 

.225 . 257 

.289 

.822 

.886 

A 

.225 

.847 

.458 

.572 

.710 

1.02 

d«9r 

R 

.246 

.286 

.827 

.858 

.408 

.491 

A 

.455 

.620 

.810 

1.08 

1.87 

1.88 

dvir 

R 

.298 1 

.842 

.892 

.440 

.490 

.588 

A 

.702 

.960 

1.85 

1.58 

1.95 

2.28 
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TABLE SHOWING VELOCITY 


A=area in sq. ft. ; Rshydraulio radios in ft- ; 


® a 

A 

R 

Slope 

1 in — [ 

25 

50 

75 

100 

[ 1 

115 I60i 175 

100 

250 

I 

.008 

.115 

V 

Q 

0.1 

0.01 

4.82 

0.43 

8.55 

0.85 

8.1 

0.80 

2.77!l.52 2.8l 

0.87|0.25 0.18 

1.18 

0.11 

1.05 

0.10 

n 

.17 

.21 

V 

Q 

8.70 

1.88 

0.18 

1.48 

5.04 

1.87 

4.888.92 8.57|8.81 
1.10|l.07i0.07|0.00 

8.00 

0.84 

1.71 

0.75 

m 

.<0 

.27 

V 

Q 

10.84 

5.11 

7.8 

8.48 

5.05 

2.00 

6. 18!4.03 4.1818.91 

1.61.2.321.13^1.07 

8.64 

1.84 

8.17 

1.05 

IV 

_ 

« 

_ 

V 

Q 

11.09 

8.02 

8.18 

0.15 

0.07 

5.1 

5.8 is.lOA.72.4.80 

4.48J8.00:8.42!8.85 

4.1 

8.14 

8.07 

1.8 

V 

1.100 

■ — ■ J 

.27 

V 

Q 

11.78 

18.00 

8.80 

0.10 

4.77j5.00|6.244.8l|4.45 
7.50|4.55|6.82 5.88,4.04 

4.14 

4.41 

8.78 

4.10 

V 

l,4i^ 

.42 

V 

Q 

12.70 

18.55 

9.01 

18.08 

7.874.40 6.7115.27'4.84 

10.47>9.188.28 7.44*7.01 

4.52 

8.60 

4.10 

6.05 


Drains Types I to IV are worked 
out with the formula : — 

V~124^R* \/S (smooth cement 
concrete surface) 

Drains l^pes V and VI are worked 
out with the formula :— 

V=114‘^R* \/S (brickwork in 
good surface condition) 




The above two figures show nsefnl eroes-secti^ 












































DfLAlNAGE AXS SBWEBAOB 


10/11 

AND DISCHARGE IN TYPE DRAINS 


V“TekKaty in ft. p<>rsec* j Q=:di9chaj]gB inc, ft. por m*. 


aoQ 

ascj 

j 

ISO 

500 

530 

aoo 

050 

700 

BOO 

900 

lOOO 

i*V8 

0*17 

iTfis 

6.10 

1.54 

0.16 

1*43 

0.14 

i.'sa 

0*14 

1.31 

0*13 

1.26 

O.IS 

1*20 
0.12 

1*17 

0.12 

1.00 

0.11 

l*0S 

0.10 

.* 

a.G3 

0*fl8 

2.84 

O.Oi 

a.iO 

0.00 

0*30 

1.05 

0.53 

1.00 

O.Sl 

1*79 

0.49 

1.70 

0.40 

1.00 

0.43 

1.55 

0.4S 

1.44 

0*39 

1.86 

0.37 

1*04 

0,63 

2.09 

l.Gl 

a. as 
s.si 

S,77 

L.40 

a. 10 
3*St 

S.69 

1.30 

2.00 

2.22 

2*43 

1.22 

2*S2 

I.IT 

2.20 

l.ll 

2*11 

1*03 

2.01 

|l,01 

1.06 

o*oe 

1*S3 

0.01 

1.71 

0,06 

2,73 

2.00 

2. SO 
l*9i 

2.16 

I*0S 

2.37 

1.81 

2*25 

1.72 

2*10 

1.67 

3,03 

1,S7 

1*60 

1.44 

1.S3 

1*39 

3.40 

3.77 

z.m 
a.as 

3,17 

3.51 

3*44 

3.00 

2*04 

3.26 

a*20 

[1*64 

2.70 
3.09 

3.03 

1.30 

2.03 

2.02 

2.OS 

i.lS 

2.51 

2.75 

2,74 

4*00 

2*40 

2.60 

2*01 

|a.7^ 

2*31 

2.5S 

2.51 

3.04 

2,23 

2,47 

2.42 

3.51 

2.10 

2.33 

2.23 

3.31 

1,95 

2*16 

2.13 

3.00 

1.60 

2.06 

2*02 

3.93 


T^ble of Quantities for Type Drains in o- ft* 
por 100 ft. length of Dnun 


Type of Drain 

I 

U. 

m 

IV 

1. Eaoavation 

40 

157 

214 

273 

2* Limewaonte or leu oenvot 
ODacr«t«(t: 0; 12) ia 
fonndsiioa* 

14 

00 

52 

03 

3. Cemuiaanorete (1: 2: 4} 
riiuahed tmootb* 

32 

54 

62 

71 
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Slopes ■hould be ma ateep se possible m the lapper 
lengths ThiJe in lover reecbea they may be flatter. In 
the iDtrajnuraJ drains atopea should ^nerer be flattef 
than 1 in 250, and in ontfa^, 1 in 500 to SOO. Intercept- 
ipg drainB should have slopes of between 1 in 300 in the 
Dpper lengths and 1 in 500 towards tbe ends. The slopes 
wtU be adjusted accofduig to the designed velocity. 

Formulae for calculation of velocities are given in the 
Section on ‘"Hydiaulica". 

R-C. Dnioi, Where it is proposed to make drains of 
RC.C. the seme should be not less than 2" thick and 
should be reinforced with 3 longitudinal bam J' diameter 
and 2 crow bars of the same size in 2 ft. lei^ths of the 
drains. The drains shcnld be cast in lengths not mors 
than 2 ft. and the moulds removed after 4S hours. They 
sb^l then be kept well watered for a fortnight and after 
this, watering ehaH be discontiaued and the drsjns left to 
core and haiden for at least another fortnight more 
before laying. The ground shall be cut to the exact shape 
and slope at which drains are to be laid and the trench 
well watered and ratmned. 


SEWIRS 

Shape cl Sewtn 

Orcular leetloii:. The great majority of severs ate 
built of circular crow-eection. A drcular section has the 
.perinwtw for a given area and gives tbe highest 
^«ocity when flowing full or haJf-fulJ, and is moat suitable 
*ben the discharge is more or leas conetant. It givM good 
velocity for small rates of flow and offers leas opportuni¬ 
ty for deposits but it must run at least half-foil. It is the 
economical sectioa for the quantity of material 
for constraction and is easy to excavate and 
bum andistairly stable. It is the strongest forai for 
external and intemsJ pressures. Circular eeveix 
permit the use of standard pipes. 

A circular eection is generally satisfactory up to 4 ft, 
in the largo sizes it is not always the best shape for 
atruotuni strength and economy. 
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Motion is moro eCnoient tiuui s ciroulAr 
Mctionfbr rsriabte flows and whore there is very extreme 
<iif|erefioe between the maximum and the norm^ rete 
of flow This shape has slightly higher volocities for low 
flows orer circular sewers of equal capacity and thus there 
ii less tendency for tfie solids to settle at the bottom- 

The capacities of both the ^-shaped 

and circular sewers, for the same cross-sectional area, 
when running full, are about the same. 

discharge occurs when the depth of the flow is 
0.06, min. when it is Jrd full. 

Egg-shaped sowers are about 50 per cent, more 
expensive thw drcolar barrels of equal capacity, 
are difficult to construct and somewhat unstable. Brick 
eewers (circular and egg-shapod) are now going into 


disuse. 

Reetenxtflv sections are suitable for storm sewers of 
jnoderate or large sixes. Hydraulic quahties are fair 
when flowing nearly full but the carrying capaaty is sud- 

denly decreased by about 30 p« cent when the flow touclw 

the top of the section which is caused by the such^ in¬ 
crease in the wetted perimeter without a corresponding m- 
crease in area. Rectangular sections, therefore, ^uld^ 
80 that the section will never flow quite rail. Tms 
aectioa is not so economical in material as the (vcular 
section. Rectangular shape is easy to construct and desi^ 
The invert is dished or sloped to make V shape in the 
centre to provide for small flows and assist in cleaning. 


Hons ~thftt section has a semi-circular arc on top with 
aides either vertical or slightly inclined inward. The 
invert may be flat, circular or a parabolic slightly 

carved bottom is usually adopted. The height of the 
aectioa is slightly loss than an equivalent circular section 
for the width. This form is sometimes favoured 
for concrete sewers as it is more economical to conatruot 
though a little inferior to a circular form as regards 
hydraulic properties. 


Other forms of sewers are Saml-slUpttleal U-iliape or. 
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•ome modifications of the above mentioned croes sections 
to suit the site and the circumstanoes. Inflnn grounds the 
bottom of the trench cm bo excavated to conform to the 
shape of the invert bnt in soft grounds the trench bottom 
has to be flat unless concrete is used. 

Choice of Materials for Making Sewen 

Earthenware or Stoneware Salt Glased Pipes. Drain pipes 
are generally of stoneware or fireclay, of varying quaUtws 
stonew^ being much better. Fireclay pipes though 
leas brittle than stoneware pipes are not considered as 
strong or durable as the latter. They also usually possess 
greater absorptive qualities. The most vitreous are 
the beat. 

They are cheap, easy to lay and very durable if pro¬ 
perly laid; not affected by the sewage acids. Need very 
careful hatMlling during transit and laying as they are 
very brittle and easily broken. Ear^nware pipes 
cannot withstand heavy earth or direct surface loads, or 
settlements due to unstable ground below, and are liable 
to fracture. Usual limiting size is only op to 18' 
meter, with max. up to 24', and are manufactured in 2 ft. 
lengths, with spigot and socket ends. All drain nines 
should bo "salUglazed". 


Weights of Stoneware Pipes in 2 ft. lengths 


in iochM 

1 *1 4 

6 

8 

6 1 12 16 j 18 21 

Weight in Ibe. .. 

16 

|t0i 

1 SS 44 

84 ^lOO |lS0 180 j200 

Min. thickneea of 
barrel in inehei 


*1 

H 

i 

1 1 ‘ ! ij It ■ 1) 


Tests for Stoneware Pipes. The breaking weight of the 
stoneware pipes should not be less than 1700 lbs. applied 
by meaiis of a flat board of hardwood of the same length 
as the pipe, laid along the top of the pipe throughout 
iU length, exclusive of the socket. The pipe, when subject¬ 
ed to this test should be supported on a similar flat board 
underneath the socket overhan^ng, and a layer of felt 
being laid beiween the pipe and the boards. 
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Absorption Tost : 

For thidcneoB np to 1* 

ir 

(More deUula will be 


7 per cent, incresae in weight 

8 »» »» t» 

® »t »f *» 

found under “Laying of Pipes.”) 


Cement Concrete Pipes. These pipes are now coming 
into general use as they have many advantages over other 
materials. Concrete pipes are either made in moulds 
or by the kumt (spun) process, or oentrifu^ system in 
which the ingredients are passed into rapi<0y revolving 
cylinders which make uniform pipes of great density and 
strength. Pipes of diameter over 24' are reinforced, 
the reinforcement is either a mesh or soUd steel ^tes 
and made in lengths of 4 to 5 feet. (Abo see under “Water 
Supply”.) Concrete (Mpes should not be used to carry add 
effluents nor be laid in those sub-soils in which concrete 
is liable to be attacked (see Sections 8 and 17). Concrete 
pipes have variouB types of joints according to the sizes: 
spigot-and-socket joints ; ogee or rebated joints with ae- 
p&rate collars. Concrete pipes with spigot-and-socket 
joints present an alternative to glazedware for sewers over 
6 -in. dia. These pipes with ogee or rebated joints may be 
used for surface-water drains in all diameters. 


Where ocmcrete sewers are to be cast in situ they can 
be made in two or three stara. First the invert is poured, 
then the side walls and finally the arch. 

Asbestoa-Cemtnt Pipes. Equivalent hydraulically to 
cement concrete pipes with approximately equal life if 
laid carefully but not of equal strength for handling. Not 
very popular except for rainwater pipes. Usually manu¬ 
factured in 6 ft. a^ 10 ft. lengths with all fittings as for 
east iron pipes. 

Cast Iron Pipes are used under heavy pressures of 
earthfills, in unstable grounds with possibilities of settle¬ 
ments, to provide for incrcMed strength where sewer Is 
laid at insc^cient depth, or'under buildings, or where it 
has to be carried on piers or trestles above ground, and for 
high velodtiea in stm slopes and such like places. Cbst 
iron pipes are also lined srith cement mortar. (More 
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details will be found in the following pages and also in 
‘Water Supply/) 

HjMOiirj Sawan. Concrete is now rapidly replacing 
bridcwork for its advantages over the latter although brick 
sewers are eometimee easier to construct and n^ less 
control. Bride sewers cannot conveniently be built of 
lesser diameter than about 30* in open trenches or 48' in 
tunnels. Purpose-made radiated bricks should be used 
for all internal curves of smaller radius than 2'-6*. Bricks 
with frogs or other indentations should not be used in the 
construction of brick sewers. Bricks for sanitary works 
should be especially selected; they should be hard and well 
burnt as they have to stand erosion from moving grit, 
and should be least porous and absorbent. For big works 
bricks should be moulded to the required shapes of the 
sewers or drains. Egg-shaped brick sewers having small 
inverts should have the bsM extended over a larger sur¬ 
face to distribute the weight; this is made with cement 
concrete which is generally tideen up for about half the 
height of the sewer. The inverts are generally made of 
cement concrete for the space forming an angle of 12Q^leg. 
with the centre of the ]npe arch. A coating of plaster 
or asphalt is given ontaide the bricks. Stone masonry 
is not suitable for sanitary works. 

Capaslty o! Sswsn 

The carrying capacity of a sewer should be adequate 
but not excessive. Design of velocity should be based 
on the sewer flowing quarter-full. Subject to velocity 
considerations, it is fa^ economy to save a few inches in 
the diameter of a sewer at the expense of possibly having 
to duplicate it at some future date. In the case of branch 
sewers and those serving small areas a relatively larger 
margin of capacity is demrable than in the case of trunk 
sewers. No pipe street sewer should be of a lesser diameter 
than 6 ins. (prefer 8 ins.) even though oaknlatioQS might 
show that a pipe of murii smaller capacity would do all 
the work reqnhed. 

Invtrtsd Siphons are constructed to carry the sewam 
through depressions under obstacles. *A siphon usuaUy 
oonrists of two or more pipes in parallel. So^ ohamben 


16/24 IHDIAN PEACnCAL CITIL mOlMBXBS' BABDbOOK 

are made at the inlet and outlet enda to facilitate cleaning 
and repairs. Suffioient head should be aDou'ed in the 
design to supply the head loeaee in the siphon. A mini* 
mum velocity of 3 ft. per aeo. should be provided to mini* 
mize the possibility of clogging. Sip^ns are usually 
source of trouble unless designed with utmost care. 

Setting oat Sewer Lines and Bxeavatlons (Also see 
under “Water Sa{^y“). 

Levels are taken along the centre line of the proposed 
sewer, say every 60 ft.,or closer if the surface is irregular. 
A longitudinal cros s ■section ia prepared with an assumed 
datum line (which may be the invert level of the lowest 
powt of the sewer.) showing the proposed sewer set to 
suitable gradients, giving dearly the invert and surface 
levels at aU manholes and points where the gradient 
changes. 

The centre line of the trench is first staked out on 
the ground driving in 2*m. pen about 100 ft., or leas, 
apart. The width of the trench to be excavated is marked 
on both sides of this centre line and excavation lines cot 
out with a spade. It is important to excavate the trench 
to the correct width and depth at all points, any extra 
depths cut out at the bottom of the pipe line should be 
m^ good with concrete not weaker than 1:10. It is 
preferable to excavate to about 3ins. of the ftniahed for* 
mation love), this final 3in8. being trimmed and removed aa 
a separate operation immediately prior to the laying of 
the pipes or their foundations. 

In obtaining the formation of the bottom of the trenches 
and the levels of the inverts of the pipes, the usual 
method of sight rails and boning rods is employed. The 
practice of “transferring" levels by means of a straight*edge 
and spirit level should be discouraged. Sight-rails (also 
called sighting rails or batter-boards) are wooden boards 
of size about 6*x2' and of sufficient length to extend 
over more than the full width of the trmch and are nailed 
aorosa the line of the trench at ends by upright posts at 
25 ft. intervals, so that they remain truly horizontal. Theae 
posts are set sufficiently wide apart so that excavation 
can be carried out between them withcmt their Aim. 
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tnrbed ; may be ebont 2 ft. more th a n half the width c£ the 
trench on either aide from the centre line, and can be fixed 
in the ground on cither aide of the trench or planted cen¬ 
trally in atoneware drain pipee reating firmly on eockete. 
Earth is filled in the pipes and wcD rammed to securely 
fix the posts. The top of the sight rail is fixed about 4 ft. 
above the ground, vUch is a convenient distance fw sighting. 
A level has to be used for setting. The centre line of the 
sewer is marked on the sight-rafl by n ai l i n g an upri^t 
cleat on it. 

The line at the trench bottom can be mariced or 
checked by a plumb bob hang^ from a cord^ extended 
from cleat to cleat on the sight-raila. The line sifted 
along the top edge of the rails represents the true fall of 
the sewer, this gradient is transferred below the ground 
level by means of a boning rod (or traveller) of a fixed 
length which is booed in between the rads for each pipe 
the help of the cord. The boning rod consists of a 
long wooden piece of SBC 3'X1*'cut to the required 

(which is equal to the distance between the mvert of the 
pipe the top edge of the sight rail cross-piece). One 
boning rod is provided for each length of excavation. 
A cri-piece of sixe IS^xJ*'» fixed with nails at the 
top of this rod so as to form shape like a Tee-square. At 
the foot of this rod an iron shoe is fixed to rest « the 
inverts of pipes. It is important that^ boning^ rod is 
cut to the exact length required. Sometimes boning rods 
are made of adjustable leiigths. 

Twin pipes are always laid with the socket at the hi^r 

end, and consequently it is necessary to begin at the low 
end of a drain and to work upwards probably ow the 
point of connection to an existing sewer. A si^t r^ 
will be required over this point. More sight rails will be 
required at manholes, change of gradient and at In^* 
mediate position* if the distance for sighting is too far, 
which may not be more than 60 ft. apart. **®*J2^ 
tkm should be boned in at least once in every 6 tne 
foot of the boning rod being set on a block of wow <» 
the exact thickness of the material of the pipe. Each 
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pipe ahoold be eeparatelj *nd aocarmtelj booed betireen 
eight nils. 

When exoavAting, the ddes of the treoch should be 
euDported by where the depth exceeds 4 ft., 

on l eas the soil is very stift. For ordinary cases with reesoo- 
ably firm earth, vertical poHng boaMs of soe say, 
0' X 2* can be fixed and which are supported by 9* x 3' 
waling boards placed horizontally and at right angles, 
above the poling boards where the soil is h>oee. The 
distance apart of poling boards and the waling boards 
depends upon the loosness of the soil to be supported. 
These boa^ are securely held in place by 6'x8' hori- 
xont^ struts fixed across the trench about 6 ft. apart. 
Waling boards can bo done away with, and struts tix^ 
directly on poling boards where the soil will stand. The 
bottom set of pcling boards should be driven at least 
9' below the bed of the trench level Steel (or wooden) 
interlocking sheet piles are used where water or running 
sand is encounter^. 

The trench should be sufficiently wide to allow space 
for timbering where required and also for the work-men 
to work and walk sadle-wise along the pipe line. A 
space of 6' to 9* OT either side of the body of the sewer 
is considered sufficient. Extra excavation is required 
under the sockets to allow hands to pass for 
joints. Minimum width of a pipe trench should be 21' 
even for the smallest pipe, to facilitate working. 

Where rock occurs in a trench a cushion of »^nd 1' thick 
should be provided on which to Uy the pipes. In some 
grounds where the finished surface of the formation be¬ 
comes soft after levelling, a firm bottom may be obtained 
by spreading and compacting a 3' Uyer of gravel or bro¬ 
ken stone over the trench bottom, which should be further 
excavated to receive this. 


Bedding Methods. In order to make a strong founda¬ 
tion, especially for earthenware pipes, the bottom must 
be shaped to fit the pipe barrel and hollowed out to re- 
o«ve the socket ^ make joinU, so that the barrels 
of ^ pipes rest ^ughout their entire length on the 
eohd ground and the bearing of a pipe is eventually uken 
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by the body of the pipee and not by the «>ckeu. This 
method can be adopt^ in firm groond bat in a soft soil 
the trench bottom mast necessarily be flat and a cradle 
(concrete filled aroand the pipe) of lean concrete (1; 8 
or 1 :6) is necessary. In the case of large sewers flat 
oonorete bottom has to be provided under a etrcolar pipe 
so as to distribnte the weight (weights of the sewer 
masonry, water, earth above, etc.) over a larger area. 
The be^ng (concrete) ahoold extend at least 6* beyocKl 
and at both sides of the projection on the barrel of the 
pipe. The thickness of the concrete below the pipe should 
not be leas than 4' for ppes under 6* in Him, ^zid 6* for 
pipes 6' and over in auuneter. 

Ordinary Bedding. Barth foundation shaped to fit the 
lower part of the pipe exterior with reasonable ckMMmess 
for a depth of at leart 1/lOth of the external diameter 
of the pipe. 

Better Class Beddings : 

(i) The pipe is bedded in an earth foundation shaped 
to fit the lower part of the pipe exterior for a width ofat 
least half of the external diameter of the pipe and the re¬ 
mainder of the pipe is surrounded to a height of at least 
6 * above its top by granular materiala 

(m) Selected granular material is tamped under and 
around the pipe to a height equal to I th of the diameter. 

(iu) Pipe is bedded in a 6' cradle of lean concrete! 

(•r) Ground shaped to the bottom quadrant of the 
IMpe and concrete filled in on the mdes. 

First Class Bidding. The pipe is carefully bedded on 
fine granular materials in an earth foundations, carefully 
shap^ to fit the lower part of the pipe exterior for a width 
of at least 6/lOth of the external diameter of the pipe and 
the remainder of the pipe is entirely surrounded with 
oonorete and up to a height of at least 12^ above its top. 

Pipes are generaDy bedded throughout the length 
between the joint holes. A pipe rating on flat gi^nd 
develops only 80 per cent of its strength and a pipe laid 
in concrete dievelops strength up to 200 per cent. 

Laying and Jointing Plpea. Each pipe should be care- 
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ftiUy examiDed for soundutss before laTuig, it Bbould b« 
niDg with a Light banuner aod those that do not ring true 
a 4 id clear, rejected. 

Normal requirements as regarda concrete protection 
of BtoEieware and concrete sewer pipe!* are laid down by 
the Miniflliy of Health (Re gland } aa foUowa : 

(i) PipeB and tabes in heading or with SO or more 
of cover in treaches to be surrounded with at least 6' of 
eoacrebe. 

(if) Subject to (i) all pipes and tabes with over 
14 h, of onvet or 1^ or more diameter to be bedded on 
and hatmehed with at least 6' of concrete to at least the 
horizontal diameter of the pipe or tube. Any splaying 
of the concrete to bo above that level. 

(nt) Subject to (tV) all pipes and tabes under IS' 
diameter and with less than 14 ft. of cover may be laid 
without cocbcrotot if the joints are of eciohet or ooUu 

(te> All pipes and tubee with leea than 5 fl. of o&vec 
under roads, or 3 ft. not under roacis, to bo sunoumled 
with at Least 6' of concrete. 

Jolntiiig Stunsware Plpei- spigot of each pipe 
should be placed in thn socket of the one previodsly laid. 
The spigot ends should be in the diroction of the flow 
{spigot at the kiwcr end and the socket at the higher end). 
5<^et ends are useful for adjustment of Ennsl suglea in 
the alignment during laying. The pipes ^uld not be 
jointed antU the earth has been pa^y refilled over the 
portion of the pipe between the joint holes. Before laying 
the second pipe, the socket of the first pipe laid is thinly 
painted all round on the inside, with cement mortar (L 
cement to 2 dfsau sharp sand). A ring of rope yarn (closely 
twisted hemp or jute, called '"gasket”) dipped in neat cement 
grout (thick paste) or tar or bitumen, is inserted in the 
socket of the pipe and driven home with a wooden caulk* 
i^ tocpl and wooden mallet. The rope should fully en* 
circle the spigot with a alight overlap and ahould not occupy 
more than one^fourtfa of the totJ depth of the aocket 
Where the spigot snd of the pipe ia made for re¬ 
ceiving the gasket (the eiterior of the spigot end and iu- 
terior of the socket an provided with grooves and loft 
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imgLazod) it ahjcMilcL be wrapped round with two or three 
turns of tarred Bpraa yam, os mar (he ei>d oa pof^bLo, 
before inserting into the socket. This helps to keep an 
even space all rouml the spigot in the sooket- 

Tho joint is then eompletely rilled with cement mortar 
(1 :1}^ 'Which ahoold have very little water, and levelled 
to form a splarjed fillet at an angle of 45 degrees with tbo 
oatoide pipe. Special core should be tohen that any excess 
of oemeat mortar, etc,, left inside the pipe joint is neatly 
cleaned off immediately each joint is mode. A semi* 
circular wooden scraper or a rubber disc con be mode to 
which a long handle is fixed. 

The omoont of oemeat needed is 1 lb, for each inch 
diameter of the pipe. One man can make about 16 joints 
in on S-ia. pipe In one day. 

The refilling of the trenches or ooncreting of haunching 
or surroundT where apecifiedT should not be imdertaken 
until the joints of the pipes are thomughly set and have 
been inspected, tested and approved, ^filling should 
be done in IT layers thoroughly rammed. Excess of 
watering should be avoided. The fineet material should 
be seleci^ for the first one foot of the fUling which shouM 
be free from stones or any other hard material. Large 
clods of earth should never be thrown in oa the shock may 
injure the drain. 

In jointing stoneware pjpes certain defocta ore liable 
to oocur :—(t) The pipes may not be conoontrio. This 
should be guarded against by wedging up the spigot end 
of the pipe (hat is being laid by a chip of wood so os to 
bring the pipes concentric, 

(uj The socket may not be properli^ Tilled with cement 
especially on the undenude, where it is not easy to get 
at it. The lower half of the socket sbouM be first sprwd 
ormly with cement, and the spigot or the fresh pipe should 
then be introduced and pircaacd Tirmly home against the 
ohonlder of the pipe in positiont care being taken that it 
is kept eoncontric with it» The rest of the socket should 
then be filled with oement, which should all be prised 
well home with a hardwood rammer, curved to work 
between the spigot and the inside of the socket, eemeat 



lfl/30 HTDUJK FSJLt^IlCUUL. dVU^ SIOIirEXRs' HAITSBOOK 


being added till tbe joint is fuU* In order to detoot aaj 
defect, the nndeFnide of fl¥icry joint *»hoq;ld be inspected 
with A looking-glasa, and shonld be felt and preBsoaiiith 
tbe fingers gr™. to eee if it Ja realty full. 

C^ent joints are rigid and erven a slight settlement 
of pipes can cause cracks and benoe Isafcage. For tbU, 
joints are made witb bittimaatic filling of cement. 

The same type ol gaaket is uaed as epemfied for stoneware 
ppes. The gasket abonld be in one piieoe of suitable 
diMaetefj not lead thAo A gs 3 li 4 t of olodeily twiftod 
hemp or ooknm is used, (Oakum is the long, lo^ f tbnus 
cnate^ obtainod by untwisting and pulHiig old ropes.) 
A amtbhle rnnner should be plaoed around the pipe and 
against the faoe of the bell to oloae the socket opening 
before pouring in the hot bitnminons oompouud or asphalt. 
Special patent joints are also avaUable. 

Jointing CoDfiiwlt Ftpes>. Concrete spigot and socket 
pipes are laid and jointed as described above for glazed 
stoneware spigpt and socket pipes, with yam or rabber 
ga^et and cement. Asbestos cement pipes ere generaUy 
jointed by a collar and two robber rings. These: pipes 
should be bedded on oQuerete as joints reicpiire roch sup¬ 
port, Pipes of Urge diameter shovdd be encased in con¬ 
crete. 


Large sise oonorete sewers have "ngee^* jojnts in which 
the pro has mortise at one ei>d and a tenon to sqjt at 
the other end and are jointed with «meiit or asphalt. A 
wncrete Dollar safTiciently wide to cover and overlap the 
joint is fized on it. A eombinatkm of rigid and semi* 
fUribfe joints is aometimes used in hydraulic concrete 
pipe iince. The Hue is made up of rigid joints with semi- 
nerible joints at about 50 ft. intervals- Conorefe pipas 
having spigot-snd-socket joints should be used where See- 
tieable Ln preference to tboM having ogee ioLnta u feh* 
latter are more dlfficiitt to make water-tight^ 


Ciifelron pipes. Wh^ ^ any reason cast iron pipes 
are to be laid on concrete, they djould be laid on 
cast concrete blocks, two to eadi lipe 

ritiS" ^ Wl-«d*x*et ioiota K, 
eithar with a lun-lewl joint or with • ■fibroao-fawi' ^ 
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wool) joint or with snlpher-BKod oompoojtlon u explaiaed 
QDder "Water Supply/' The leul ahould be nm at a single 
pooring. After each joint ie nude the in^e of the pipe 
should be examined to BMertain that no )e^ haa penet¬ 
rated into the interior of the pipe« fibrous-lead £s parti¬ 
cularly suitable for ose ttuder wet oouditiona and in Ly¬ 
ings where the use of molteiL lead wonld be a sonroe of danger 
to the men engaged^ 

Junetlon Plpai shonld be inflcrted at intervala an ra- 
<ltiired for ^oaent or futore connectiana during the oqn- 
rtmctiw of the eewera^ Any brtuach eyw whi^ are not 
inunodiately connected up should be doeed. The poeitioi] 
of wh Hoch junction ehould be recorded on the "com¬ 
pletion" plan of the work. 

Sewer Croaslngf. If poenble, keep ab sewtra i ft, away 
from the QEtemal walls of a buiiding and do not para any 
sewer or drain under a building, if must, sinTound the 
{glazed ware) ptpo with 6^ of concrete or lay in cast iron 
pipes and provide exceeaes at each end iuimediateJy nut* 
sWo the building. No brouchea should be eennected to 
the portion of the drain under the building. Where 
pipes are passed on a bridge where vibradans occur, 
cast ipcm pipes with ^lecial oouplini^ rather than standard 
lead j'oinH should bo used to avoid leahago, l^ere shallow 
deprwona are to be croased. the ptpee csn be supported 
on piers or bents built jnst behind the pipe sockets, Suuh 
piere should not be lees than 12' in length (parallel to the 
pipe axis); cast-iron pipes with lead joints tnav be 
used. 

Branch Camieettoni. No bends whatever ahould be 
pfinnitted in sewers, except at msuiholefi, Wliere a change 
of direction i»nnot be avoided and this exceeds 45® access 
^ooJd nonnally bo provided at the bends or junctions. 
The use of quarter ^nds (90®) should be avoidect except 
at ^e foot of vent pipee^ All junctions ahould be obliquA, 
and the contained angle be not more than 46®*. 

A branch should be oonuected with a tnain eewer at 
^ Junction so that the Entering sewage 
will follows lu msdn pipe and at as camy an 

^gM as possiblA (and not at an acute angle)* As far 
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AB possible the old pipe should be broken out and a neur 

Y iunction put iu. Ijf the new pipe coiiat b« jointed with 
the okl sewer^ an oblique saddle junction can be made. 

Sewers ahould always be jointed soffit to soflit and not 
jointed invert to invert. Ti^eo a branch aewer joLna an 
Bgg'Shaped aewer^ the connection should be me^ at a 
point at least Jrd up from the invert. 

Junctions made at are called Y jonctioiis, and 
Junctions ibrmed at a smaller angle than 45^ am called 

V junction and are nsed to connect a very obHque branch 
drain with a principal drain. When a jonction is fixed 
on the bne of a dram> care should be taken to give it a tilt 
to the ^adieot of the incoming branch drain for which 
it ie provided, aod the oblique arm should be packed up 
with fine oonorete to keep it In positioD. 

House CQUnecttena. In congested areas, it is deairable 
to shorten the spacing of manholes and to introduce the 
house-service thr^gh the manhole instead of disturbing 
the sewer, Sometimes a amall duplicate sewer can be 
onanged. 

HaUng of CanuMtioiia 

(i) Conmdion to glaxid^wars pipe or concrete pipe 
onoert. For sewem of less thaii 6* diameter where it is not 
possible to fix a saddle, three pipes shonld be corefiiDy 
broken out completely and replai^ by two plain socketed 
pipes and on oblique junction pipe. Or alternatively, 
two pipes may be broken out and replaced by an oblique 
junction pipe and one double-spigot pipe (or one from 
which the ooUar baa been, cot off), the joint between this 
and the existing pipe line being mode with a loose DoUar. 

For sewers of diameter and over, a aaddJe Bhould 
be used in preference to the above method. A hole is 
carefully made in the top half of the pipe and trimmed so 
that the saddle lits, and at least half the breadth of the 
saddle shoulder bears on the sewer pipe all round. The 
saddle should be properly secured in position so that there 
La no movement, and jointed all round with oemont mortar. 
After the morto has set, the saddle shouM be oomplotely 
surrounded with 6* of ooncrete. 

Breakina into the newer should be effected by the 


DRADCAOl A2n> SSWXRAOl 


10/33 


DatA for Egg-shaped Sewers 


Type of Sewer 

Depth of 
flow 

Area 

H.MJ>.or R 

The Metropolitan 

FoU 

l.USSdS 

0.2897d 

Oroid or old form. 




Radio* of invert i* } 

ffoU 

u« s'* cl^ 

0.3225 d 

that of crown. 

ifall 

0.7558d2 

0.3157d 


|faU 

0.5091 dt 

0.289P d 

H 1 

IfoU 

0.2840 dt 

0.2066 d 


Ifttll 

0.1882 dt 

0.1685 d 

\0/j 




The Jlew form. 

Foil 

1.1150 dt 

0.2844 d 

Radios of invert ia | 




that oferown. 

ffun 

0.7223 dt 

0.3074 d 


Ifoll 

0.2548dS 

0.1920 d 





1 




Jaokaon’a peg-top. 

FoU 

1.0386 dt 

0.28806 

Radioaoffnewt ia ( 




that of erown 

|foU 

0.8458 dt 

0.280d 

\' 0 ^ 

Knll 

0.2422 dt 

0.190d 



* 


1 \ iToV 




I WK* 









These aewvn are genamllyboilt in brickwork end have transvetee 
diameterenp to 6 fl. Dratni of thiiform though ooreted at the top, are 
teehnSeaDy open ohanneia, linoe they are not intended to diacharge 
tmder preeeore. 
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Velocity and Discharge in the Hetropolitan 
Shaped Sewer Bonmng 2/3rd Fall 


Slope ] 

in— 

— ?— 



1 

-4^ 

["TM" 

500 


” t.50 

11.5 

4.44 

21.0 

5.04 

34.2 

r 5.50 

52.0 

^02” 

74.0 

500 


S.47 

10.5 

4.05 

10.1 

4.JO 

Jl.l 

5.10 

47.2 

5.58 

67.4 

6.47 

122 

700 


S.20 

0.07 

2.75 

17.7 

4.25 

28.0 

4.72 

42.6 

5.16 

62.2 

5.08 

112 

500 


S.OO 

0.04 

2.50 

16.5 

4.00 

27.0 

4.41 

40.8 

4.82 

68.2 

5.50 

106 

•00 


2.82 

8.51 

2.20 

15.6 

2.74 

25.4 

4.16 

28.4 

4.55 

54.0 

5.27 

09.5 

1000 


2.67 

8.07 

2.12 

14.8 

2.55 

24.1 

2.04 

26.4 

4.21 

52.1 

5.00 

04.2 

ISOO 


2.54 

7.67 

2.08 

14.0 

2.27 

22.0 

2.75 

24.7 

4.10 

40.6 

4.76 

80.9 

UOO 


2.25 

6.70 

2.62 

12.4 

2.00 

20.2 

3.U 

20.7 

2.62 

a.o 

4.22 

70.6 

1000 

[S 

2.10 

6.U 

2.46 

11.6 

2.70 

10.0 

2.10 

28.7 

2.40 

41.0 

2.94 

74.4 

itoo 


1.07 

5.06 

2.21 

10.0 

2.62 

17.8 

2.02 

27.0 

2.20 

28.7 

2.71~ 

70.0 

2000 


1.87 

5.64 

2.10 

10.2 

2.40 

16.0 

2.77 
25.6 1 

20.2 

26.6 

2.52 

66.4 

2500 


1.66 

5.02 

1.05 

0.20 

2.22 

16.1 

2.47 

22.8 

2.70 

22.6 

2.14 

50.2 

•000 


1.51 

4.56 

1.77 

8.26 

2.02 

12.7 

r 2.24 

20.7 

2.46 

20.7 

2.86 

54.0 

4000 


1.20 

S.Ol 

1.52 

7.18 

1.72 

11.8 

1.02 

17.8 

2.12 

25.6 

2.57 

46.5 

5000 

[S 

1.15 

2.46 

1.25 

6.26 

1.54 

10.5 

1.72 

15.0 

1.88 

22.8 

2.20 

41.5 


-tawoikod out with Kotter'a ionmla with “b"* 
OJII. For other T«In«*of‘VmuIUply the UboUTnmben by K. 

^a- j ini TMT 


T5l7 


.040- 
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When running full the velocity in about 0.94 V and 
the diacharge about 1.43 Q. Maximum discharge 
oocoTB when the depth of the flow is 0.95, and minimum 
when it is one-third full. 


Table Showing Gradient, Velocity, and Discharge 
for Ciieular Sewers Flowing Full 


Velooity 

2 ft. per sec. 

2| ft. per sec. 

3 ft. per sec. 

10 ft. per sec. 

Internal 

dia. 

ina. 

1 

Gradient 

1 1 in- 

1 

ff o 

P 

2 o 

.1 1 

-o e 

H 

^ mm 

rs 

iV 

1 1 
•S-S 

O 

Hi- 

Q o 

Qradiont 

1 in— 

f‘i 

Q d 

S 

96 

5.9 

61 

7.4 

43 

8.8 

— 

— 

4 

140 

10.5 

89 

13.1 

62 

15.7 


— 

5 

186 

16.5 

120 

20.5 

84 

24.5 

— 

— 

6 

240 

23.6 

150 

29.8 

106 

35.6 

10 

115 

7 

295 

32.1 

190 

40.0 

130 

48.3 

12 

159 

9 

415 

52.9 

265 

66.1 

184 

79.2 

17 

261 

12 

610 

93.9 

385 

* 118 

270 

141 

25 

464 

15 

810 

148 

520 

184 

364 

220 

33 

732 

18 

1050 

21J 

660 

266 

460 

319 

42 

1055 

21 

1275 

286 

820 

360 

540 

432 

51 

1444 

J4 

1500 

380 

970 

473 

680 

565 

61 

1885 

27 

1760 

482 

1100 

608 

790 

717 

73 

2359 

SO 

2050 

590 

1300 

740 

910 

885 

83 

2930 

ss 

2340 

705 

1500 

889 

1045 

1067 

94 

3550 

S6 

2600 

851 

1650 

1069 

1150 

1280 

105 

4237 

39 

2885 

994 

1850 

1249 

1277 

1490 

120 

4906 

42 

3200 

1158 

2050 

1446 

1425 

1720 

130 

5743 

45 

3500 

1331 

2250 

1659 

1562 

1985 

145 

6537 

48 

. 


2450 

1889 

1700 

2267 

, , 


54 



2875 1 

2398 

2000 

2862 

— 


60 

•• 

• • 

3300 

2951 

2300 

3535 

— 

— 


This table i« based on the formula : V«124 \/8 
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Table of Velocity k Discharge in Drain Pipes 


P. 


Dia of pip«>in*. 



5 

‘ 1 

6 

9 

IS 

O 

4 

6 

9 

IS 

10 

V 

6.S 

6.9 



120 

V 

1.6 

S.O 

2.6 

3.2 


D 

146 

718 




D 

71 

206 

612 

1322 

16 

V 

4.3 

5.61 

— 


150 

V 

1.4 

1.8 

2.3 

S.8 


D 

SOI 

690 

_ 



D 

63 

186 

648 

1180 

SO 

V 

3.S 

4.9 

6.4 


176 

V 

1.3 

1.6 

S.l 

S.6 


D 

174 

610 

1604 



D 

68 

17S 

608 

1092 

SO 

V 

3.1 

4.0 

5.2 

6.3 

200 

V 

1.2 

1.6 

S.O 

2.5 


D 

141 

416 

1S30 

2640 


D 

66 

161 

4S4 

1024 

40 

V 

S.6 

3.4 


6.6 

250 

V 

1.1 

1.4 

1.8 

2.2 


D 

1S3 

360 

1060 

2290 


D 

49 

144 

388 

918 

60 

V 

S.6 

3.1 

4.0 

4.9 

300 

V 



1.6 

2.0 


D 

I0» 

SS3 

946 

2046 


D 


— 

388 

836 

60 

V 

S.3 

S.8 

3.7 

4.6 

SBO 

V 


— 

1.6 

1.8 


D 

100 

S04 

866 

1866 


D 

— 

— 

364 

774 

70 

V 

S.O 

1.6 

3.4 

4.1 

400 

V 

— 

— 

1.4 

1.7 


D 

M 

S72 

804 

1728 


D 

— 

— 

336 

724 

so 

V 

1.8 

2.4 

3.S 

K.9 

600 

V 

_ 


1.3 

1-6 


D 

87 

S64 

748 

1616 


D 

— 

— 

300 

648 

90 

V 

1.7^ 

3.3 

S.O 

3.6 

760 

V 


— - 

_ 

1.3 


D 

8S 

240 

7lJ 

1523 


D 

— 

— 

— 

628 

10(^ 

V 

1.6 

S.3 

2.8 

3.6 

1000 

V 


- 


1.1 


D 

78 

ss« 

674 

1448 


D 

— 

— 

— 

468 


Dio of pipO'ino. 


V-i« Telocity in ft. per eeeond when flowing quarter-full; 
D-ia diecharge in gallons per minute when flowii^ full. 
The table ia based on the formula yal24'^Rt\/8. 
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Flow to Slimy Sewem According to B&roes' Formula. 
For gieneral use to detenniniog the flow in well uaed 
ww«r9 of all matedals. 


Valooityin Tootp»rttoond 


DiA 

ion. 

1 

It 1 1 hi 

1 1 S| 

4 

*t 

9 

9 

7 

B 

a 

10 


Gradient 1 in— 




4 

« 

T 

5 
> 

10 

1$ 

L6 

IB 

it 

3i 

i7 

30 

S3 

SB 

W 

410 

010 

TOO 

Ota 

1100 

isoo 

1700 

liOl 00 

siq ISO 
270 101 
sisj lOO 

40 

78 04 

lOO 70 
I2£j OB 

1 29 

40 

90 

04 

22 

SO 

sa 

48 

18 

24 

10 

38 

J 14 

20 

26 

81 

i to 

13 

IS 

22 

i- 

11 

17 

3 

12 

(J* 

a 

10 

H 

5 

9 

0 

4KN ISO 
ood 270 
07d 110 
tioj 400 

100 

170 

210 

too 

110 

120 

140 

ISO 

TO 

BO 

no 

140 

08 

70 

80 

100 

40 
! 99 
01 
80 

17 

45 

1 50 

aa 

39 

30 

39 

49 

20 

21 

28 

34 

16 

la 

20 

29 

12 

13 

1 10 
21 

tl 

11 

17 

1200 

saoo 

5900 

4200 

looo' 070 
130d 730^ 
loeol ooo 

IBOdlSOO 

t 

800 

400 

900 

700 

290 

826 

400 

400 

ISO 

240 

100 

300 

140 

180 

226 

2T0 

110 

140 

180 

S20 

oo 

ISO 

140 

179 

92 

BO 

100 

130 

49 

90 

74 

00 

16 

45 

98 

70 

S8 

27 

45 

66 

23 

10 

37 

44 

sooo 

5830 

BBOO 

7U0 

sWisoo. Sio 

£0901^ 000 
good17001100 
S40o|l#wjl3^ 

090 

OBO 

780 

S69 

410 320 
490 i876 
580 ^30 
BIO |4B0 

292 

300 

340 

385 

206 

240 

325 

205 

140 

170 

180 

210 

106 

130 

140 

190 

80 

94 

110 

120 

94 

78 

86 

08 

92 

90 

SO 

78 

so 

42 

4a 

S4 

flO 


$B0o'l!20il4O0. 

42002400 1400, 

ooootaooisoo 
B000 S5S022QO 
7ooolaooo;50oo 

900 
1150 
1190 
1000 
1700 i 

700 |640 
800 000 
BIO Itoo 
11504660 
llOCiflOOO 

440 
480 
910 
890 1 
800 ^ 

390 

395 

490 

990 

940 

349 ] 
290 ; 
S20 i 
370 1 
490 ! 

no 

200 

235 

270 

339 

140 

190 

180 

210 

250 

110 
126 
145 1 
170 
200 

88 

OB 

119 

135 

190 


Qrad iont ia nio«auE«d olon^ tbo length of the pipe net horisontoll j 

from end to end of pipa> 
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Functions of Flow 
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in Drain Pipes 


Diameter of pipe in inches 


IS 21 


24 I 27 30 I 33 I 36 


39 


42 


48 54 


60 


Gradient 1 in —■ 
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Value of C in Bazin’s Formula : V=»Cv1rs 
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cautioDfi enUirgiMncnt of & smAll hole, ukI no connection 
shoald constitute a projection into the sewer. 

(i») Conruction to aut-iron pipe sewers. For sewers 
of 9-iD, dia. and over, a hole may be cut with a blow-pipe 
in the top of the pipe and a saddle fitted as described before. 
Or alternatively, a sufficient length of the existing pipe 
should be cut out and an oblique junction and a loose 
collar inserted and jointed in lead. Where a pipe is in¬ 
serted into a large sewer, the jmnt should, wherever possible, 
be made good from inside the sewer with cement mortar 
to form a flush joint. 

The number of houses that may bo connected to a 
4-in. private sewer need not be less than four, and as 
many as twenty have been so connected satisfactorily. 
For more than twenty houses the pipe should generally 
be increased to 6-in. diameter. 

3. MANHOLES 

Manholes are openings through the street surface to 
the sewer to provWe access for inspection and cleaning. 
Provision of manholes is essential in all sewerage lines and 
are usually provided at all junctions, change of direction 
or alignment, change of gradient and §ure of sewer. 

Spacing of Manholes. On small sesrers whidi cannot be 
entered for cleaning or inspection, a manhole should be 
built at the head of all sewers and branches and at about 
300 to 500 ft. on straight runs for sewers of 2 ft. to 4 ft. 
diameters. A rodding eye may serve the purpose of a 
manhole at the head of a shallow drain. On sewers which 
a man can enter for inspection, it is not essential to have 
a manhole at every chan^ in alignment, but manholes 
should be built at tangent-points. A spacing of 600 to 
800 ft. should be allowed on struct runs for sewers of 
4 ft. to 6 ft. diameters which may be increased to 1000 
to 1200 ft. for sewers of over 6 ft. diameter. A spacing al¬ 
lowance of 100 ft. per ft. of diameter of sewer is a general 
rule. On economic grounds, a lamp-hole may be sub¬ 
stituted between mangles in lengths which have frequent 
changes of direction. Where silt and grit loads are un¬ 
usually heavy, catch-fats with by-passes should be provided 
at every 1500 to 2000 ft., for facilitating maintenance. 
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**^^0*«*- The minimum size of recUngular 
manholM havmg not more than two branch channel on 
either side and up to 6 ft. depth is S'-41* x 2'-3' For 
dee^r it may be 4'-6' x to S'-O' up to a 

depth of 4 -6 to 6'-6' above the bottom, the upper 
portion being n^e into a shaft up to the ground ieJel. 
rhe mmimum internal dimension of the access shaft in 
R deep manhole should be not less than 2'-3' square 
where step i^ ^ used and S'-?*' x 2'-3' in shafts 
wntauung vertical ladders. A circular manhole may be 
J *6 dia. straight down ; a circular form is stronger 
I form. Circular shafts, where provided, 

should be not less than 2'.3' internal diameter. 

or big depths, the lower (bigger) portion is made up 
to a height of 6 ft. so that a man can stand inside it for 
cleamng. The access shaft is made on one side and not 
m the centre of the manhole chamber. For reducing the 
chamber opemng the walls are either oorbeUed in or a 
roof (an arch or a slab) provided over the lower portion. 

The siM given above are the minimum and should be 
suiUbly mcrea^ according to the directions and the 
number of drains meeting, by 12 ins. for each additional 
branch, the longer dimension being in the direction of the 
mam sewer. The minimum size of chamber in which a man 
^ work efficiently is 4 ft. on the lino of the sewer and 
2 *6 across. 

Except in m^boles not liable to super*impoeed loads 
^ pipes exceeding 6' diameter passing through the man^ 
hole walls should have an arch formed over them in order 
to relieve the pipe of the weight of the wall above. 

A shallow manhole should be covered by a stone or 
concrete slab having a hole about 2*•3* square in it The 
cover fraiM should be bedded on three courses of brick¬ 
work corbeU^ over to form an opening IMO' square 
In the case of a deep manhole the access shaft should 
brought up to a suiUble level to allow a cast-iron msnhnl* 

‘op. 

Manholes can be built with 9' brick i . a 

moru, up .« .0 ft. dupth. with 6' of «Lnt 
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or 1 : 2^ : 6) at the bottom projecting 6' beyond walls. 
For additional depths, wall thickn^ should be added 
for every 6 ft. Excavations for manholes and other 
accessories should have 12' min. and 24' max. clearance 
on all sides. 

The bottom of the manhole should be “benched” to 
have a fall towards the invert of about 1 in 10, prefer 1 in 6, 
to avoid fouling. The benching should be at least 
as high as the soffit of the outgoing sewer, and should ^ 
floated to a smooth surface with cement plaster. In 
the case of bran<di drains the benching should be so shaped 
round the channel branches as to guide the flow of sewa^ 
in the desired direction. Provide at the bottom either 
stoneware glazed semi-circular pipes, or channels of oeme^ 
concrete plastered with 1' cement-sand mortar 1 :2, and 
finished smooth. The channel depth should be oquw 
to the sewer diameter and the ends of the channel should 
fit the seu'er ends accurately. All channels in the manholes 
should be given a min. slope of I in 30. 

At a function the tops of all the sewers should be ^ 
the same level, the soffit of the smaller sewer should be 
not lower than the larger in order to avoid the surcharging 
of the former when the latter is running full. The acti^ 
gradient of the last length of the smaller sewer may be 
steepened sufliciently to reduce the difference of invert 
level at the point of junction to a convenient amount. 

When a branch sewer enters a manhole ^ le\’el 
more than 3 ft. above the main sewer with which it has to 
join, the contents of the branch sewer should not be 
allowed to drop in verticaDy from a height but should be 
brought into it through a vertical pipe carried down 
from the branch sewer to the bottom of the manhole and 
which is fixed just outside the wall of the manhole. The 
branch pipe itself is also carried straight into the manhole 
for inspect on and cleaning. It is advisable that some 
form of water cushion be provided to lessen the impact 
of the falling colunm of sewage. If the drop is less than 
about 3 ft., the drop pipe can be laid at an an^ of 45®, 
but an inclined pipe arrangement is more expensive. This 
is called a drop^nhoU. 
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Branch ahoald join the mejci sewer in currea of 

Sufficient rsdit m a. manhole to guide the flow and to 
*void formatiDn of eddiee and disturbances of flowB. OTi 
ternatively^ Y-branch connections should be made aa 
before. The cunred portions of the branch 
he wherever poeaible within the manhole 
and for economy, the manhole chamber may be 
bmlt of a shape other than rectangular. 

The inaide of the manholes is cement plastered 
1 :3, up (n corbelling. Where the depth of the invert 
exceeds 3 ft. below the surface of the ground, steps inside 
the manhole are necessary. These are eaUed *‘treads^^ or 
*mngs" and are made of galvanized malleable cast iron 
Or wrought una. Btepa should be built into the biickwork 
every fourth course (12 to 15 ins. vertical intervalsl, and 
staggered in two vertical runs which should be 9 ins. oen- 
tie* horixontaUy, In smaU manholes, the foot irons may 
be built across the oomem. 

The rungs should have a min. length of 10" and be at 
least I' in diameter or equivalent section. The top atop 
b 11 ft. below the manhole cover and the low^ not 
more than 1 ft. above the benching. For depths over 15 
ft-, a galvanized wrought iron ladder is preferable with 
stringers not less than 2^' by |*. ladders should not be 
less than 12' between stringers end the rungs at 10" centres 
and should be provided with brackets built mto the brick* 
work. The minEmum distance of the Ladder from the 
wall should be 4J'' at the top (bent to a radius of 6'J, 
which should be Enercasod to 6" or more at the bottom. 

All manholes on aewere of 3 ft. di*. and over should 
be provided with galvanised wrought iron safety chains 
on the downstream side. Galvanized pipe handrails of 
14 " bore should be provided on the edges of all benchiuge 
ftom which a man might possibly fall into the aewer. 

Manhole Covert, Manhole covers are made of cast 
iron with double seal frames. The top snrfaoe of the 
covers is made rough or chequered. The foUawiug weighto 
may be specified ^^ 

Foriht htavifJt eiiy traffic : Circular frame 36' outside 
diameter, 21 inside diameter ; height of frame fl". Weight 
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not lem than 4^ cwta. [frame and caver.) 

Far tighter eitg traffic : Sama siia ba above except the 
height of frame wMch ia T . Weight to be not less 
than 4 cwte. 

For gid/urban frajQfic : The weight may be 3 to 3} cwtu. 

For foot trafriCp the weight may be o-nJy about 150 Iba. 
It may be circular of 20* diameter or rectangular 
of 34' X IS" aixe. 

Covera should have clear openings of not less than 
SO" diameter, preferably 33* 

VontiiiatLng manhole coven ehould not be used for 
domestic draloa. 

Circular form is the strongest in proportion to the 
weight of metal. 

Before entering a manhole, the ooven of at lout three 
manholes should be remavad half an hour beforehand 
for ventilation , one on either ado of the manhole to be 
inspected La openedr This precaution ia easeatud to 
remove the dangerous gaaes and vaponn present in 
the aewetu. 

LampholeSHi When the length between two manholes 
on a eti^ht run of aewer ie more than usually allowedp or 
at places of slight change of direction, a vertical pipe about 
0^ in diameter ia provided &om the top of the sewer to 
the ground surface and covered with an iron gratings It 
forma a X junction with the sewer pipe. A lamp can be 
lowered down this pipe and the sewer inspected on the 
manholes on either side. Lampholes are not now com¬ 
monly used. 

Ventilation of Street Sewers. Ventilation of a sewera ge. 
system is eraential for small flows and concentrated sewage 
in high temperatures to remove dangeroos, explosive and 
foul gases and to provide means for the escape of air and 
free flow as the sewers fUl, and to prevent brealting 
of the seal of traps on the fittings in buildings (see uoder 
"Tiaps^*.) Ventilating shafts are provided at summits 
of sewem and on sewer liuMi at SOO to 1000 ft. apart near 
manholes and connectad with them and which ^ould be 
at least 200 ft. away from residential buddings. A ven¬ 
tilating shaft ia a vertical Dolinxin of B.C. (or iron), about 
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25 to 30 ft. in height and about 4 to 6 ine. in diameter 
(opening) at the top, tapering to 15 ins. (outside) towards 
the bottom for stability. The shaft is provided with a 
cowl or fitted with a wire guard at the top. Sometimes 
small vent shafts of 4 ins. diameter are provided about 
4(X) ft. apart. 

There are conflicting views on the need for ventila* 
tion shafts in the sewer system. Some engineers prefer to dis* 
pense with the intercepting traps which disconnect house 
connections from street sewers and also the ventilating 
shafts and depend upon the ventilation of the sewers 
through the soil and ventilation pipes of private buildings. 
Escape of ^r can also be effected on the surface sewers 
by providing ventilating manhole covers. It is consi¬ 
dered that sewer air is free from bacteria and not dangerous 
to persons breathing it; fresh sewage does not moduce a 
bad smeU. ^ 

In America connections from buildings are not generally 
trapped before joining the sewer except in the cases of 
certain factories, hotels, etc., for which grease traps are 
provided. 

Maintenance of Street Sewers. It is essential that 
street sewers are periodically inspected, cleaned and co¬ 
piously flushed from time to time witbcmt waiting for the 
occasion when they are actually blocked. The following 
devices can be used for cleaning 

(») Flat stsel bars of size 1' to IJ* xj* ; 

(tt) Bamboos (usually halved) or cane rods ; 

(lit) 3 or 4 ft. long rods of hard cane, bamboo, or some 
flexible wood, about 1|* diameter, each fitted with a steel 
eye at one end and a hook at the other. The hook is made 
in such a manner which can be joined or opened only when 
the rods are at right angles to each other. Instead of book 
and eye, brass or wrought iron male and female ends are 
fitted and the rods can be attached to one another and 
pushed into the pipe one after the other; coarse thread 
connecting screws are fixed to the rods. At the forward 
end of the first rod some attachment, or Uxd, is fitted to 
help in disturbing the deposits. These arrangemente 
can be made up to a length of about 200 ft., but 1.50 ft. is 
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•bout the limit for good practical work. 

(ir) A double disc made of two circular pieces of 
wood held about a foot apart by bolts is dragged through 
a sewer by meanA of a rope attached to it. This arrange* 
raent Is useful for removal of silt deposits from an^ 
pipes. 

(r) Wooden or rubber balls called “beach balls'* 
or “piUs” are tied with a rope and allowed to flow down 
the pipe. The ball dams up water behind it until suffi* 
cient pressure is created when the water forces its way 
with a scouring velocity between the ball and the invert 
of the pipe. The ball is of slightly lesser diameter than 
the pipe. 

(ci) Where roots have been formed in a sewer and 
caimot be removed by mechanical methods, copper sul* 
phate should be thrown in the pipe line for killing roots. 
This method has also been described under “Water 
Supply.’’ 

(ra) A hose pipe can also be thrust into a sewer pipe 
through a manhole, connected to a fire hydrant* 

4. HOUSE DRAINAGE 

Traps. A trap is a bend or loop in a sanitary fitting 
which retains water and remains constantly full, shutting off 
air connection between the fitting and the outside soil pipe, 
thus preventing the escape of foul gases from the sewers 
into the house. The most common shape is P or S. The 
deeper is the water seal the more efficient the trap. 
Every inlet to a drain, other than a ventilating pipe to 
such drain, shall be properly trapped and such trap shall be 
so formed and fix^ as to capable of maintaining 
a water-seal of not leas than 2' for inlet pipes up to ^ 
dia. and 3' water-seal for 4' dia. pipes. (Also see further). 

Although the primary object of a trap is to check the 
flow of foul air, but some of the gases which are found in 
the drains can be slowly absorbed by the water in the 
trap and given off on the other side. Therefore, the traps 
should be open to the outer air on the upper side. It is 
important that the air in the drains should be kept fresh 
by a well arranged system of ventilation. 

Inspection Chambers are miniature form of manholes 
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uad should be provided &t ever 3 ' change of directioa of 
gradient, or at IIXI ft, mterv&la in straight linen. An 
pection tibomber' ehoiiiid also be pmvidedi at the point 
where the vertical soil pipe joins the house drain. They 
are for inspection or cleaning, Min, size can ho 2'-^' X S'-O'; 
the longer dimension la in the direction of the main 
drain line. Walls can be 9' thich, ^rnent plsetered« 

VentUaUcn ol Hoose DraUu. A fmh air inlet can bo 
provided at the lowest end of the drain preferably in the 
lower-most inspection chamber and fixed with the com* 
pound waif The fresh air inlet pipe may be 4' in dia¬ 
meter and about 10 ft. high above ground leveb fixed 
vertically with an enlarged square head or chamber at 
top with a mica flap valve which opens inwards only and 
allows in fresh air but does not allow the foul gases to escape 
out, (These ventilating pipes are not, however, usually 
provid^ in small installations). In addition to this^ 
house must be provided with ventilation on every soil and 
waste pipes coming out from every w.c. and bath-room- 
The soil pipesare taken up at least 4 ft, above the roof and 
which Ehoiild be 15 ft. hi^er than the lughest window of 
any house within 50 ft. radius. All sneh pipes ahonhl be 
provided with cowl veutilators at the top, 

IntercepUng Trap. Is also called a “disconnecting'\ or 
'^sewer^' trap. It disoonneets the house drain from the 
street sewer and is fixed in a small chamber between the 
k>west end of the house drain and the stmt sewer. It 
has a deeper Seal than an ordinary trap and an opening 
at the top called “cleaning eye'"^. An intercepting trap 
should have a water seal of not less than 4' . Fresh air 
inlet described above is fixed in this cham1>er. House 
drains should bavo no dimt connection with the stroot 
sew'er. 

Some cngineerB do not favour the fixation of iuteroopt- 
ing traps and require the houw drains to be cormected 
direct to the street sew'ers as it provides ventilation to 
street MW'em through the house drains. The intercepting 
traps are not properly flushed out and are thus of not much 
help. 
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GaUj or GoUey Traps, The priraary object of a gully 
trap la to cut off the houw from direct ooiomumcatioa 
with the drain and ia an esseotiiU part of a house drainage. 
They are employed for the reception of waste water from 
^liliks, baths, tavatory baaina, rain water and (surface 
water from paved yards, etc. T^ere are two main types 
of gnUies or gully traps : Those that are eetf-dean^ng^ 
and those that retain deposit, or catch-pit guLlIca. The 
former should always be used for sewage, and the latter 
for surfoj» water, GuLUea ubould be fixed aa near the 
surface levd as possible 'Hiere shouH be a grating on 
the top of the trap to intercept solid matter ; bars of 
gratings to be not more than |' apart. Fip^ should be 
connected to a guUy below the grating or cover. Open 
gulbes fitted with a gruting]! ohoukl be outside 

the building where required to taJee surface water, and 
Sealed gullies inside the building. 

Grease Ttap. Is a device by means of which the gmee 
conteut of sewage Is removed. It is a variety of gully trap 
and is fixed outside canteen kitchens sjid wash-up rooms 
to intercept grease from entering the diain^e system. 
(A small grease trap can be mads underneath the kitchen 
and pantry sinks). In normal domestic drainage grease 
traps need not be provided. A grease trap ia very 
essential outside a ga^a^ to intercept petrol and other 
oils which produDs exploaiona in the sewage system, and 
such a trap should be effectively ventilated:. 

A kerosene oil tin placed in a pit can be osed, the tin 
being weQ perforated towards the hottom and filled with 
sawdust and covered with grass. For big flows a masonry 
trap (chamber) should be built between the kitchen aud 
the drainage system. This can be of size— fl ft. x 2 ft. or 

fl. X1 ft. (inside) and about 1 ins, deep, according to 
tbs flow. A galvanized perforated loose tray aaoukl be fitted 
in the bottom of the diamber, with handles long enough 
to reach above the level of the floating grease. The 
top of tho chamber should he made air-tij^t. The inflow 
pipe should bend down and discharge about 4' to 6' 
above the floor and the out-flow pipe which is fixed at the 
water level, should bend downward inside the tank about 
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6 ins. above the bottom. 

Anti-SIphoDAge Pipe or Vent Pipe. When water-cloeet^ 
of more than one floor are connected with the same schI 
pipe, an anti-siphonage pipe U fixed to prevent aiphonic 
action and emptying of the traps in the lower water-closets 
when the top water-closet is flushed. The vent pipe should 
have an internal diameter of not leas than 2 inches and be 
connected with the arm of the soil pipe at a point not less 
than three and not more than twelve inches from the 
highest part of the trap, and at a point above the over-^w 
of i connecting fixtures, to piard against the possibility 
of its being fouled where it joins the soil pipe, and even¬ 
tually be choked by the waste water. The branch must 
always be made with the antiaiphona^ pipe bending in 
the direction of the flow. The rent pipe rfiall either be 
carried up as high as the top of the soil pipe and provided 
with a wire globe, or shall be connected to the soil pipe 
at a point not lees than seven feet above the highest con¬ 
nection of any fitting to the soil pipe. 

One and Two pipe Systsms. In the "one pipe" 83r8tem 
the various discharge pipes from closets, sinks, baths, 
etc., are all connected with a common down-pipe, the 
waste fitments are all provided with deep seal tra^. This 
combination ensures economy in cost in connection with 
high buildings where the sanitaiy arrangemenU can be 
grouped, but for smaller buildings where the sanitary 
mrangemenU carmot be grouped, it has not the same 
advantage. In the “two-pipe” system, soil and waste 
are discharged to separate stack-pipes and before the 
waste pipe is connected to the soil pipe a piUy or discon¬ 
necting trap is provided to prevent foul air from the soil 
pipe passing through the waste drain and stack-pipe. 

Sanitary AppUanees. Appliances fitted to a drainage 
system for the collection and discharge of foul or waste 
matter. 

Sinks. Are made in great variety of sizes, according 
to the purpose for which required. Max. size for a hotel 
sink is 63* X 21*. Height of a sink to the top of the front 
edge is 2'-10* to 3'-0*, and that of a draining board 
3'-10* , above floor level. Kitchen sinks are about 18* X 18', 
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W. in fo^ preparation rooms, canteens, hospitals, 
mmu^ould be fixed 3 ins. clear of the walls to facilitate 

Baths. Usual dimensions ; 

. 60* to72* 

^e^ wrfth. 28' to 34* 

lieptn inside at waste .. i 7 » ^ jg» 

Height overall, with feet . 23' to 24' 

•prv ^ ••'OoWer height 

4- typo Bo(A Jtam is: 

4 *6 X3 .6 ; prefer at least 20 sq. ft. Ventilator 2 sq. ft. 

Wat«r|^Io«ts. In residential bufldings water-closet 
^ms should be located according to the direction ol 

preferably be made against 
]• '"*®- <»rapartmente should^ 

oommumcation with a habiUble rtwm or a 
be fiom a passage. iSrSg 

^ AaexcepdTto thiS; 

^ made where a private w.c. is provided for a bedroom 
In schools public places, can should be taken in nlan 
n^ to »TOid the transmission to the working rooms 

f nppUances. The^Stoi of 

sound trans^on to hospiW wards can be best achieTed 

gy y* aUowmg any samtary compartment to abS 
^!dose“t^m of • 

^uc3 to 1 .°**" outside. The width may be 

staUrf Th/ ilTJ’”® * pedestal type of closet ^ in- 

space permitted for a water.chiset 
If open out, is 2*41' by a”.** 

A ‘**® oompartment should be 3'x«'' 

llS* ii Tho height of tbe’.:;^.: 

DO at least 7-8 and it should have a window on 
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the outside of not less than 3 sq. ft. area and also should 
have 3 sq. ft. of ventilation in addition. The walls of 
oloaet rooms should be cement plastered for a height of at 
least 3 ft. above the floor. 

Sixes of water-closet pans : 

Commode, pedestal or hopper type : overall height—15*. 

overall length—20* to 25*. 
Pans are made 10*, 12*, and 14*. high for children 
of various ages. 

Indian type , . .length at to|>—23* to 27* 

I width at top—9* to 11" 

Top is flush w ith the over-all height—16" to 21" 

floor level. i (including trap) 

The pan. (usually of fireclay) has an S-trap writh 
outlet pointing vertically dowmwards for ground floor use, 
or a P-trap with inclined outlet for upstair use. 

Types of Water closets 

W(uh-down type, in which the contents of the pan are 
removed by a flush of water discharged into the pan. 

Siphonic type, in which the contents of the pan are 
removed by siphonage. 

The standard pan in general use is the wash-dow'n 
type. A siphonic closet is a superior type with two traps 
and a larger water area than in the waah-dowm t 3 rpe, in 
consequence with less possibility of soiling the pan ; the 
contents of the pan are removed more efficiently and the 
action is silent; atmospheric pressure is utilized to assist 
the flush, and the water seal is deeper. 

In the case of commode type water-closets preference 
should be given to thoee cloeeU which have the traps above 
the floor and to those in which the connection with the soil 
pipe is taken direct through the external wall of the building. 
In the case of Indian type closets, thoee built with pool 
of water to receive the faeces are objectionable for their 
liability to splash. The pan should be provided with a 
amnn after-flush chamber (on the back side above the trap) 
to ensure proper sealing cd the trap after each flush. The 
back of the pan shoold be as near vertical as possible to 
prevent fouling. 
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The closet outlets should be unglated on the outside for 
about 2 to 3 inches for making of a cement joint. The trap 
has^ a hole at the upper portion which is jointed to the 
Mti-siphonage pipe. An inspection cover is provided 
in the aoil pipe opposite the trap to clean it when necessary. 

Tefting closets. This can be easily done by throwing 
into the pan two or three small apples and cork bungs, 
and some small pieces of paper crumpled up. If the 
<^harge of the flushing apparatus carries all away right 
pattern is so far a good one. The 
efficiency of the flus hin g rim can be tested by powdering 
the sides of the pan above the water-line with lamp black. 

Flushing Cisterns for Water-closets. Capacity is 2 to 3 
gallons. (In America flushing tanks capacity is as high as 5 
to 8 UJ5. gallons.) 

Height ft., from top of pan to bottom of cistern. 

Water is brought in by pipe to the flushing cistern 
sjich is stopped by ball-cock when the cistern is full. 
Flushing pipe should not be less than ij' dia. (IJ' min.) 
and preferably of lead weighing not less than 12 lbs. per 
for 11' pipe and 9 lbs. per yard for 1pipe. 
T^e siphonic water-closets generally have the flushing 
cisterns a little above the seats and not high up. A 
flushing cistern should not be less than 3/16' thick if of 
caat iron, and not less than 12-1.8. W.Q. thick if of wrought 
iron. ^ 

Tlw flushing cUtem should haye an overflow at least 
one size larger than the supply pipe, with a minimnm 
internal diameter of |'. Ae overflow pipe should dia- 
charge outside the building whenever possible. 

A screw-down isolation cock should invariably be 
fitted on the water-supply pipe to the flushing tank ©f a 
W.O., urinal or slop sink, etc. 

A reserve water tank of closed type, of not less than 76 
gallop capacity, should be provided for eveiy seat, at the 
top of every building. 

Flashing Range of Closets. Where a number of water- 
r fixed in a line, there will be difficulty of rapidly 

tiUi^ ^ the flushing cisterns. To overcome this, a leveffing 
»nk of small capacity should bo provided in an adjacent 
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pootioD. From this tank Is carried a laige aerrioe pip€ 
niKlemoath the flashing cistenia with a f' branch into 
the bottom of each, the orifice im^idc the dstem haTing 
a light copper tee valve. The levelling tank ia provided 
with a large service pipe and a ball-valve which cautse it 
to fill very rapidly.^ Thus each flushing cistern ifl filled 
rapidly, and the npsl of a balhvalve and overflow pipe ie 
BTEiidcd. 

Charactfliistics ot a good flashing cistern, (ij A good 
flushing cLstem should discharge by idphonic action, and 
tbb action should be induced by the movement of a part 
of the fitting within the cistern, 

(it) It should be certain in its action, whether the 
handle or cfaiun is pulled slowly or quickly, 

(»i) It shonM not be capable of being set in action 
when the cistern is not full. 

(te) It should not make much noise in dischatging. 
fv) The dificharge pipe should be targe enough to empty 
^e oifltem in about ten seconds. 

Urtnali. ^ Height of a porcelain urinal stall bowl type 
above foot level is 2'-6'* 


Urinals In ranges 


Centre to centre of partitions .. 24' to 27' 

(Prefer greater distance so that the users do 
not soil their clothes) 


Depth of pardtlona 
Depth of end partitions . , 

Heigbl' partkaonA 
Height of screen or portlUon where 
desired to be fixed above floor,, 
Depth of bottom slab 


2(r to 22' 

24 ' 

54' to 66' 

26' 

24' 


The average spacing of urinala in ranges is generally 
taken 2 ft, per st^. 

Slab ty^, and Ghannel or Ooneaw hack type 
tuinals are generally used for public plaeea. 

The foot rests or ^eade should be of the aon-cUppen^ 
type and slightly sloping towards the channels. 

Any metal gatings in connectiem with urinah ahonld 
be of gun-met^. 
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OrdidATj brick w&Us ccmetit plastered are not suitabla 
for uTinals, White glazed bricl^ Bboiild be uaed i the 
joints must not be thick aa tbej would present an absorbent 
Burfaoe, 

Urinal nutlets should either be directly connected to 
the soil pipes or provided with a gtm-znetal or brass 
dome-ahap^ reoiovahle grating. The waste pipe for 
each shall is 2' in diameter. Urinal waste pipes eheuld 
preferably be of lead. The discharge from a series of stalls 
is usually through a glazed semi'CirciiIar drain which 
has a eharp fall and discharges into a gully at one end^ 
from which it runs into a soil pipe or house drain under 
simUar arrangeEnents as for a water-closet. 

The number of stalls draining into any one outlet should 
not be more than 7 (or 14 ft, run of cbannel}. The maxi- 
ZQum run of channel in any one fall should not exceed 7 ft. 

Flushing dsterns for Urloals. A dstem of one gallon 
capacity is sufficient for a single staU. For public urinals 
in single stalls or langeSji automatic flushi^ siphons of 
1 to 3 gallons {or more) capacity, should be installed. The 
Ujiual allowance of water for each stall in a public urinal 
is I galL per roiuuta. A ball valve and overflow are not 
necessary in an automatic flushing cistern. 

No pipe from a water supply dlatiibuting pipe or tank 
shall ha connected direct to a w.c, or a pan, except through 
proper flushing tank, 
lavatory Basim: 

Height of top above floor level . - 31* to 33' 

Projection from wall .. 18'to 20' 

Usual sizes are 22' X10' or 25' X 15' 

When b a si ns are fixed in ranges, there should be a 
space of at leut 3 ina. between the baaiiifl. 

When several baains are installed In a range, especially 
it different floors, it is eesontial that waste pipe from eaoh 
baain is taken into a main waste pip<s which should bo 
carried up about 3 ft, above the roof, and should discharga 
Into an open gully at the bottom. 

Where nou-siphO'ning traps are used under basins, 
tubs apd (luon-slop sinkfl}, vent pipes may be omitted, 
exoept when the len^ of the branch waste pipe exceeds 
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5 lb, before enteriiiig the vented line, or where mere thAn 
one fixture ia ootmedied to an imvented branch ILne^ 
Chemical Toilets This naaaUy oonaiate of & ae&t attached 
to a metal cylindiioal tank in which a strong solution of 
csnstio Boda in water has been put. The solution of 
caustic soda sterilizes sjid liqu^ies the excreta in 
the tank and requires replacement only at intervals 
of several months. The contenU of chemical toilet when 
emptied is Iiqiud, sterile and practically free from odour. 
Kiis is the most satisfactory method for the diaposal of 
excreta without water carriage. 

Sl» of Pipes and Traps for Heme Drainage ; 

Soil pipes 4“ 

Main waste pipes 2' to 3' 


Branch SoH and WasU pipes i 

Short branch soil and 
4' waste pipea may be of heavy 
3' lead- Exposed hranehea at 
2* fixtures may be of brass- 
2' When branch soil and 
2* waste pipes receive a num- 
2' her of fixtures^ their size may 
1|' be increafied as required. 
Galvanized and black wrought iron pipes should not be 
used for soil, waste, anti^phonage,. ventilating Or drain 
pipes. 

Veni pipes ; (main) 


For each w.o. 

,t slop sink 

„ urinal 

For bath tubs 

kitchen jcnks 
tj laundry tubs 

„ wash barins 


For w- 08 - 
For other fixtures 


3' 

r 


Branch vejii pipes : 

For each w.o. or slop sink 
Few other fixtures 
Sizes of Traps : (min.) 

For w.cs.,- i 
„ slop sink 
,j kitchen sink 
„ wash tube 
urmals ,, 

„ wash baain Ai pantry sink . 


2 ' 

ir 

r 

3' 

2 ' 

r 

11 ' 





DBJlC^AGE ASD 9EWEBAGE 


10/57 


Ptjjej 


Haight of otitern aben pan .., 

V 


8' ' 13" 

Diunetaref riuih pipa 

21' 

2* 

ii' 

1 ii' _ 

Diameiw of flunh valvs 

2' 

u- 

11' 

If' 


(For uiinaJs, the diameter of the fluah valve is smaller) 

Tesdoff ol DraLna^e Pipes for Leakage 

All draina and manholes should be subjected to water 
test and aQ vent and soil pipes (works above ground) should 
be tested either by a smoke test or water test. Works 
under ground should be tested before they are covered. 
Old instaUatlons are generally tested by a smoke test and 
new installations by water test. Not more than 6 
head should usually be applied to any part of a drain; 
a greater pressure, e&pedaUy when testing old drainage 
systems may develop defects not previously existing. In 
the case of extensive dramage systems, drauis should be 
tested in sections. In the case of tbs water tost, where 
there is a trap at the upper end of a branch drain, a rubber 
tube should bo ineerted through the trap seal so as to draw 
off the confined air as the pipes are fillod with water. 

Smoke Test- A smoke testing machine conusts of a 
length of flexible rubber tubing and beHov's. Fho smoke 
is made by firing oily waste (brown paper or cotton waste 
soaked in cdreosote). Smoko is pumpm into the drains 
and pipes through a gully outside the house or an inlet 
ventilator, or through a clay plug in an Inspection chamber^ 
In making a smoke test, the tope of soil and ventilating 
pipes are left open until smoke is seen to issue when the 
openings are plugged securely with wet cloth or wet day 
tied in a doth, and smoke pumped in for some considerabie 
time. 

If smoke-testing machine is not avaiUbl^i smoke rcekete 
uiay be used which can be obtained from firework mahere* 
The smoke produced b very dense and pungent, but the 
test cannot be prolonged as with a machine^ 

Water-Test for Stoneware and Concrete Pipes* After 
the jointfi have proper^ dried (for at least seven days) 
and before filling the trenches, the [dpee should be tested 
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for wAter-tightnees by filling the pipes with water to the 
lerel of 0 ft. above the top of the highest pipe in the length 
to be tested, by closing the ends of the sections and main¬ 
taining this water levm for one hoar. Earthenware pipes 
should not be subjected to a head of more than 10 it. of 
water. A plug is inserted at the lower end of each length 
azKi a right angled bend at the top and funnel fixed through 
a rubber tube or testing rabbw P^U8 ^ used. (A drain 
plug is a cylindrical bi^ of rubber and canvas to which a 
tube and a tap valve is fixed at one end. Air is pumped 
into Uie plug which is inflated and blocks the passage of 
water. If these plugs are not available, use a wad of clay 
supported by a disc of wood.) After air bubbles have 
escaped after the first filling and absorption h** ceased, 
water is again added to completely fill the pipe and proper 
test oomme n oed. Permissible drops in a 6* funnel per 
100 ft. length of pipe line are as under :— 

Any leakage will be visible. A slight 
amount of sweating which is uniform, 
may be overlooked and a small amount 
of subsidence should not be taken 
as implying bad workmanship or de¬ 
fects. AbMrption is at a diminishing 
rate of subsidence tiU no further sul^ 
sidmoe takes place. 

It is considered satisfactory by some authorities if the 
water level does not fall more than in a length of 300 ft. 

The water put in the pipes for testing should not be 
drained out until the trenches have been filled in about 
3 ft. to detect if any joints have given way dur ing the filling. 
Or alternatively, the test should be repeated after back¬ 
filling the trench. 

Branch drains having a trap at their upper ends, unless 
they are provided with a cleaning or ventilating branch, 
become air-bound, so that the results of a water-test cannot 
be accurately gauged. To obviate this, the confined air 
should be drawn off by means of a bent tube. 


4' to 6* 
9 * 

ir 

18' 

21 ' 

24' 

30' 


pipe y 

Y 

1 ' 
2 * 
3' 
6' 
6 ' 


Water-Test for Cast Iron Drain Pipes. To test for water 
tightness of the joint, the ends are closed by flan^. A 
email diameter pipe is inserted in the upper end and a 
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vftlv6 for escspo of sir in the otlior end. The C.I. pipe i® 
filled ^dth water until water stands in the small pijw to the 
required height. The water pressure should be maintained 
for not less than 10 minutes. This method is used for 
heads up to about 20 or 24 ft. H:^ulio pressure pump 
is used, until gauge shows required pressure. If there 
are no leaky joints, the water level in the p^ or the pres¬ 
sure on the gauge will be meintained. Pressure pump 
is used for test of higher pressures than 20 ft. of he^. 

Whenever practicable, testing should be carried out 
from manhole to manhole. Short branch drains connected 
to a main drain between manholes should be tested as one 
system with the main drain. For domestic drains, a length 
of pipe line from 100 ft. to 300 ft. is taken according to 
the diameter of the pipe (lesser length for bigger diameter). 

Cast Iron Pipes for House Drainage and Plombing work. 
Cast iron soil pipes are in 2, 4 and 6 ft. lengths, with or 
without ears for fixing. The pipes should be blocked out at 
least r from the walla and securelv fixed by means of short 
pieces of j' galv. iron pipe and stout pipe nails. The 
pipe nails should bo of wrought iron, and after allowing for 
thickness of distance pieces etc., to run not lees than 3 
into the wall. Joints in inverted and other difficult positions 
may be made with leadwrool thoroughly well caulked ins¬ 
tead of with molten lead. 

Lead oxide or iron oxide are used for protecting waste 
soil and rainw'ater pipes. Hot coal tar is quite effective. 
Dr. Angus Smith’s solution and other protective methods 
have been described under “Water Supply.” 


Ost Iron Soil Pipes 


Bore of pipe 

ThieknoM of meUl j 

(not loM than) | 

Weight in Ibe. per 6 ft. 

length (inoldg. eocket) 

A 

B 

A 

B 

2* 


8/16' 


28 

8* 

6/16' 

3/16' 

no 

44 

4* 

3/8' 

8/16' 

160 

54 

6' 

3/8' 

1/4' 

100 

60 

S' 

3/8' 

1/4' 

230 

84 

6«T>0» 


“A” pipes are for use underground and “B * pip^ 

for use above ground 
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Weight of Lead and Gasket in Ibei fox Caat IroD Soil Kpea 


Dia, ofpipe [ y 

3' j 4- 1 fl' 

S- 1 10' 1 12' 


18' 

20 

Lead-lbs. f 

a.s 1.* {«.5 

0 13 1 u 

18 2^ 

20 

33 

Oukei'lbe. Ll2S 

dTol. 170,200 

. 2 O 0 |.£ao!. 2 S 0 



.029 


Light Rainwater Pipes 


Nctminal sixe 

2' 24 ' 

3' 

34* 

4' 

IntemBl dim. 

ir, 2|' 


3|' 

H' 

Weight per 0 ft, length, Iba, 

n is 

2$ 

— ■ — 

28 

30 


Th*M pipe* havo for fixing them agBinat traUa. 


Wrought iron or stwl pipes ahould not be used for 
car^g ^hargc from water closets, urinals or slop sinks. 

The threads of trap and fittings ahould be tapped so 
M to give a unLform fall to the blanches of J* *" to the foot 
for pipes 4' or larger in aiie, and of for amsJJer sizw. 

Weight of Brass Pipes 


1 

r 

3' 

4* 

1 2.34 

3.02 

7.fiS 

11.28 


Bore of pi^e 

Wt. in Jbi. per ft. 


Pipes. Should be used only for short branchea 
of soil, waste or vent oonnectiona. The following weights 

*re eoeoiding to the British Standard Specifications ■ 


Weight of Flushing and Warning Lead Pipes in lbs. 


Bore of pipe i 7 

M-in. wtjyd.tbev | i.& | 4 


y 

t.a 


il' 

7.fi 


10 



Weight of Soil, Waste and Ventilating Lead Pipes in lbs. 


Bora cf pipe | 14 'J 14 ' 

*' 

24' 

3' ISJ'/4' F4|' 

0' 

fl' 

Kin.irtivd.lbiJ 7 ! 0 , 

12 

14.4 

17,J.' 20 |'22,3 l20,J 

41 

07 



















































DBAlSAOe ASTD SEWERAGE 16/81 

SAOTTABY LATRINES 

Bart-holfl or Eartb-plt Latins. A TfirfcicAl hole of size 
9 to 12 h drilled with an earth anger tip to a depth of 
about S to 20 ft. or more, witboat reaching ground water 
lerel. Where aii earth au^r i& not available^ a pit can. be 
made of aim 2 to 3 ft. squajo. At the top portion of the 
hole an earthen, brick or concrete ring ia provided and 
earth mounded up so that the squatting plate or the latrine 
seat U at least 9 tna. above the general ground level to avoid 
raiu or flood water mntmig into the pit. A latrine seat or 
squatting plate can be m^e of stone or concrete with an 
o]^nmg of about 7 ios.^ for use. Size of the squatting plate 
ahoold be 3''3' X3''6i* min , overall size and should nor.- 
mally extend to the Buperatructnro walls. A cement 
concrete pre-cast slab 2inB. thick may bo made wEilch can he 
used for an unsupported span up to 2^ ft. Foot-rests should 
form an integral part of the squatting elah where possible. 
Cover for the hole la desirable. A tenapreiy aaperatruo 
tore can be provided over the seat to affora privacy. WTieci 
the hole gets fiUod up to about 1 ( to 2 ft. below the 
ground level it ehould be filled with earth, closed and aban¬ 
doned and the structure shifted to a new hole. It is of 
greatest importance to locate a privy on the downhiU eide 
of the ground. In sandy soils a privy may be located aa 
cl<^ as 25 ft, from a properly oonstmcted household well 
if it ie impcMsible to place it at a greater distance. In csso 
of a higher-yielding pubho well not less than GO ft. shouH 
be taken. 

Water^eal Latrines. A pit in made aa for the bore-hole 
latrines and the squatting plate used is provided with a 
^ter trap as for closets; an ordinary water closet may be 
owd. The pit can be made outside the building and the 
night led to it through a glazedwarc pipe fixed to 
the trap of the pan where a permanent structure is propoaed 
to ba built over the latrine. This follows the principles 
™ ^^Wffi'pool. In areas with high water table a well is dug 
of 3*.6' diameter extending to about 3 ft, below ground 
J®™lt up to a depth of about 10 to 12 ft. Half of the 
well ia covered up by the squatting plate and the other half 
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mth a TOD^te or stone slab, which can be removed when 
It IS desired to remove the sludge (after about 4 to 6 years), 
which can be used as manure. 


^rvlee latrines. Special types of closets are now 
manufactured by some firms which are fixed in small 
compartments in place of the usual w.c. pans. These 
closets have their bottoms (front side) sloped at a greater 
angle than m the common closeto and the back aides almost 
vertical, so ^at the contents can glide down with wash 
i^tCT only. Where a closet is not availabb, a 6.in half-round 
gla^ stoneww pipe can bo fixed in a steeply inclined 
powtion. Such latrines are located on back aide of external 
wails where removal of the excreU is convenient. 
A small chamber is made adjoining the latrine seat 
and under the w^ in which a metal box is kept, into which 
the night aod is led from the closet or the pipe. An auto¬ 
matic metal flap is fixed to end of the chute of the closet 
w c opeM <^y when required to pass off its contents. 
The chamber has a shutter or flap of G.I. sheet on the 
^tode opening so m to keep it closed. Where the night 
immediately a vent pipe should be 
fixed m the chamber for the foul gases to escape. If a 
^ closet it will make it much better. 
. .yP® ^lao be made on an upper floor, 

the i^ht sod is flushed down through a vertical vlazed 
pipe m a oolieoting chamber at the ground level. 

&pUc Tank under Latrines (Aqua Privy). A small 
sepUc tank can be made adjoining the privy wall or under- 
n»th (former arrangement is preferable) a water-seal 
latrme ins^ad of the pit. A vent pipe should be provided 
through the sepUc tank which can be fixed outside the 

^ also be provided for re¬ 

moval of the sludge Where the tank is built underneath 
pnvy it should be so constructed that the manhole is 
made outside the privy waU. Inside dimensions of the 

and 5 to 6 ft. deep with 
6 IM to 9 ins. air space. The effluent is nasaed m to a 

.^^'^ber built adjoining the privy and 
then to the mumapal draiiL 
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Working of some of the sanitary latrines manufactured 
by M/s Brothers, Meerut, is explained below :— 


The faecal matter glide# 
down the chute with waah 
water only. The liquid is 
strained through the eo^ 
box kept in the night soil 
pot and runs into a drain, 
soakage pit, or a sump. 
Since the urine is immedia* 
tely separated from the 
solid matter, the septic 
action takes place very 
slowly. 



Septic Tank trith Fitter 



Bore-hoU and Pit Latrines 






A 
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Manurt Pit PvUic Latrines 



ICR MfcH 


FQg IWOMrH 


Th# tet of >ix aeota ii meant for 100 daily uaers for aiz months. 
To start with, the excreta is allowed to flow into one pit and the 
Inlet pipe of the second pit is closed. After six months the pit in 
w is olosed and the flow of excreta turned to the second pit. 
The niffht soil of t^ first pit is allowed to cure into humus for 
about 6| months after which it is cleared up and the pit exposed to 
son fw 15 ds]^ ^.**7 again and the 

fsoond pit is olosed down. The working is repeated. 


6 . PLUMBING & INTERNAL FIXTURES 


Joint! 

Joints between pipes of > 

How made 

Lead to lead 

Wiped soldered joint. (Plumber*! joint.) 

Lead and brass, copper 

Plumber’s wiped joint. 

Lead with iron 

P*P** should be connected with 
^n pipes by soldering on to the end of the 
le^ pipe a flanged brass ferrule or thimble 
which My be oaulked into the iron socket 
as in the case of iron pipes, 
l^vy brM soldering ferrules screwed to 
SStmut**^* pip® fittings by socket and 

Iron or ooppsr and 
stoneware 

Cement mortar joint as for stoneware pipes. 









































DRAINAOS AKD 8KWEBA0E 


16/65 


Joint* between pipe* of 

How made 

end itoaewara 
(Connection between 
eartbenware W.C. trap 
and lead eoil pipe) 

A brass thimble (having socket at one 
end and spigot at the other) necessary to 
receive the trap outlet which have cement 
caulked joint. Wiped solder joint between 
brass spigot and lead pipe. 

Caet iron and etoneware 
(Connection between 
earthenware W.C. trap 
outlet and cart iron 
branch) 

It is preferable to introduce the brass tiiimble 
(as explained above) and a short length of 
! lead pipe, otherwise the joint is too r^d to 

1 stand. Joint as above and as detailed 
below. 

Lead pipe and eocketed 
end ofoaatiron pipe 

A brass or copper ferrule is used which is 
inserted over the lead spigot and in oast 
iron socket for connection which is caulked 
with lead joint and hemp yam into the iron 
socket. A wiped soldered joint is made 
with brass ferrule and lead pipe. 

Copper pipes (of light 
gauge) and cast iron 

As above with brass ferrule. Joint between 
the ferrule and copper pipe is made with 
bronsc weld. 

Brass and stoneware 

Neat cement. 

Copper to copper 

Bronze welding. Pipe* are jointed by 
screwed joints. 

CompreasMi joint made with union nut 
or flanged coujdingi. 

Cast iron water pipes 

Red lead or cement 

Hot water cast iron 
pipes 

Cement or red lead, or ‘‘rust cement '* 
maybe used as described further. Lead 
joints are not generally sucoesefoL 

Asbestos cement 

As for stoneware pipe*. 

Oalv. Iron water pipe 
and a sanitary fitting. 

Lead pipe jointed to the plumber's brass 
union or fitting, with wip^ soldered joint. 

Flush pipe and flushing 

inlet arm of a sanitary 
fitting. 

Red lead and white lead pressed into the 
joint and covered with a prepared lead cone. 


Lead haa the advantage of adapting itself to alight 

aettlementa and does it not corrode. Brass and earthen 
ware take cement but lead wiO not. 


1 
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Min. length of wiped soldered joint for pipes of different 
diAmeters :— 


Pipe dia. ini. 


‘ 

1 “ 

O 

3 

4 

5 

6 

Min. length of joint, ini. 

21 

]»i 

2 | 

3 

3 



T 


Joints between brass sockets or thimbles and cast iron 
pipes shall not be made with cement. 


A lead wool joint is more expensive and more difficult 
to caulk than molten lead but its use is advantageous in 
some situations. 

Joints of wrought iron ppes and fittings are screwed 
joints made up with a thick paste of white and red lead 
mixed. No slip joints or couplings in brass pipes, 
excepting flush pipes, should be permitted and these should 
be all screwed joints. Flanged pipes should be accurately 
aligned and tightly bolted up with proper flange ring! 
or lead washers and red lead cement. Access doors are 
jointed with oil dressed leather and secured with gunmetal 
set-screws. 


Ferrules, unions, etc., to be of heavy brass (juality and 
when connected to lead pipes are to have tinned ends. 
Valves to be faced with leather for cold water, and with 
vulcanized fibre for hot water. 


Solder* for Plumbing Work. See Section 6— 
“Properties and Uses of Metals.'* 


Cement for Hot water Pipe 
Joints : (Rust cement) 

Flowon of •ulpbor 

Powdered ealanuDoniso (Noehadar) 

Fine cast iroD filings 


Ordinary 

Qoiok setting 

bp weight 

1 part 
* .. 


S parta 

1 .. 

200 „ 


100 „ 


Sulphm and iron filings are first mixed dry and then 
l alammoniao added. The mixture begins to rust and 
gets warm in the process. It should be kept covered with 
water until ready for use. 
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Sanitary appliances are usually made of the following 
materials :— 


Batha 

Porcelain enamcllea cast iron ana sntxit steel. 

Lavatory basins 

Ear then ware, fireclay, vitreous china, poree* 
Iain rnamclled sl>eet iron, stainless steel, 
porcelain enamelled cast iron. 

Sinks 

Fireclay, porcelain enamelled cast iron 
and preset steel, stainless steel. 

Draining boards 

Asbestos cement, cast iron porcelain ena¬ 
melled, fireclay, pressed steel sheet porce¬ 
lain enamelled, stainless steel, wood. 

W.C.flushing cisterns 

Cast iron, pressed steel, leaddined and 
copper-lmed wood. 

Hot water cylinders 
Traps 

Galvanized mild steel, copper. 

Lead, other non-ferrous metals, cast-iron 
malleable cast iron. 

Pipes for water, waste, 
•oil and rainarater 
aboveground and 

Lead, lead alloy, copper, steel, cast-iron, 
salt-glszed ware, aluminium, asbestos- 
cement. 


6 . STANDARDS FOR PUBLIC SANITARY 
CONVENIENCES 

“Sanitary Conveniences*' means closets (or latrines) 
urinals and wash basins, etc. The following scales may 
be adopted in the absence of any by daws or prescribed 
standaids :— 



Males 


i Females 


W.Cs. 

Urinals \ W. Cs. 

Poblio Latrines 

2% 

0.2% 

2*% 

Cinemas, Theatres, etc. 

l%up to 400 
400 

«% 

2%upto200 

l^o»bove200 

Schools, Offices, 

4% up to 100 

4%np 

3%abo 

to 1006|%up to 100 

Foctorirs 

2% above 100 

ve 1003% abovelOO 

Boarding Houses 
Hospitals 

10% 

*% 

121% 

Indoor(beds) 

I2*% 

2% 

121% 

Outdoor 

1% 


2% 
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A minimum of 1 w,c. seat should be provided in dJ 
buildings. It is good praetico to provide 1 seat ejctra 
to the prescribed acaio* Xo urmal need be provided in 
residences and in factories, offices^ etc., where there are 
less than aix user^. In addit ion tn the above, viash basins 
should be provided at about the panic scale as closets 
except for etnemas ^vhere these maj be L for every 200 
persons or part thereof. Washing taps are required in 
factories. Each 50 sq. ft. of floor area in each room of 
offices is deemed to bo occupied by one person. 


7. HOUSE DISPaSAL W’ORKS 
Disposal oC Sewage from Single House or Small DnlU 
SEPTIC TANKS 


A septic tank (and wh ich ia a set tling tank) 18 a rectangu* 

iar chamber of brickwork cement plastered inside or of 
R.C.C., usually built uiidergronnd. The functio’n of a 
septic taidi 13 to produce certain biological and chemical 
changes by partial liquefaction and gasification for de. 
composition) of the human excreta discharged into it 
through the action of anaerolnc bacteria which flourish 
in the absence of free oxygen, humidity, darkness and 
wanntb, and which are the conditions created in a septic 
tank, thus reducing the bulk of the sewage. The human 
faeces consist of about 65 per cent of mineral matter and 
about 35 per cent of oi^anie matter. Only about 30 to 40 
per cent of the organic matter (solids)'are liquefied or 
gasified, the mineral matter does not undeigo any che* 
mical change in a septic tank. ^ 


Ihiring the course of action in a ficptie tank tho lighter 
matter rise to the surfaes and form a thick lax^or ^Ued 
"'scum" while heavier matter sink to the bottom to form 
^'sludge”. Tho tanks are made air-tight, water-ticht 
and light is also aidndod to help decomposition of tho 
sewage. These layers of scum and sludge are not dl^ttirW 
by the flow of water and the inflow and outflow fmm tb^ 
tank are so arranged as to give least disturlmnce Both th 
mlot Md the outlet pipcR are bent domiwards and should 
have their open ends midway in the water The «ntre 
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of the outlet pipe is gonorally kept about 6' below the oeatre 
of the inlet, fnleta and outlets should be standard "'T" 
fittings of glazed eartbeD-ware pipen^ When the lank 
width \-< tuoro than 5 ft. there ehotild be two Inlots. An other 
precaution taken against possible disturbance of the iscum 
ia by imikmg a vertical partitioiii in the tank, called a hang¬ 
ing “bjiffle wall”, extending from above top-w^ater level 
to I'-fl' froim the floor, and From 9" to l'-6^ away from 
the inlet pipe. The baffle wails need not be made in smaU 
tanks. In long tanks a second baffle wall is sometimes 
provided w'bioh ia built from the floor to a few inches below 
tbe water level m the tank and at a distance of about 2 ft, 
from the outlet end. Instead of tbe second baffle w'all a 
^^eoum board" may be prov'ided to prevent movement 
of the Scum by w'ave action or any other disturbance. A 
tsonm board consists of a thin slab of slate, flagstone, R.C., 
or even wood, often suspended from the top into grooves 
in the sides of tbe tank to submerge about 9 ins. or 1 ft. 
into the liquid. The outlet pipe may be straight, instead 
of bent down, where a scum board has been provided. 

Design of Septic Tanks, The size of a septic tank is 
based on tbe number of uaeru and the amount of dilution 
water in the sewage. .Average retention period (for the 
eeptie action to take place) of sewage in a septic tank is 
12 to 34 hours or even more where the sewage is fresh as 
tn residential installations, and which arc generally de- 
aigned to hokl 24 hours supply, and S to 12 hours reten¬ 
tion where the sewage has travelled a long distance and. 
liELs been subject to a process of some disintegration. Addi¬ 
tional tank volume should be provided for sludge storage 
on tbe basis of 1 c. ft. per capita per year. Dilution of 
the sewage between certain mininiuin and maximum limits 
is also casentiol for a complete septic action to take place 
and provided it lies botw^n those limits, it does not affect 
the size of the septic tank. 

It is considered that as long as the dilution per head is 
more than b gallons and less than 40 gaUems, a septic tank 
having a content of about 3.5 e.ft. per user will do tbe 
work required- It hits, however, been reported that septic 
tanks With as low a dilution as 3 gallons per bead p?r day 
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built in water scarcity arcaa, have also worked satisfuc- 
torily* According to the experinients carried out in lodin 
by Col. F.C- Temple, if the sewage U Rtronger than 5 gal¬ 
lons per user, there is not enough water for the necessary 
reactiona to take place in the tank^ while if it is weaker 
than 40 gallons per user it goes through the tank too fast 
and rcTuaina iiniler-treated. He limits the capacity of 
the Lank between 1.7 c.ft. to 2A c.ft. per user, Effluente 
from both the over and under-treated taoks clog the filters. 

In America as the sewage is much more dilute, higher 
capacity tanks are provided fav. 6.5 c,ft. per user) to 
ctieure the organic matter Temakiing in the tank for the 
tinie neccsRiiry to bring about the essential changes. 
However, it is the general opinion that, for the proper 
operation of a house drainage eysteiH, a minimum water 
supply of 20 gallons per capita per day ^hould be avail¬ 
able. 

As it is not poKHtble to estimate the exact number of 
HBCira or the amount of dilution for any proposed instnDn- 
tion, it will be pafe to provide a capacit}' of about 3 to 4 c.fl. 
per user for small tanks end about 2.5 c.ft. for large tanks 
for Indian conditiom^ where the bath-rooraa arc also 
connected with the Hystem. Where only flush water 
flows into the septic tanks, a apace of 1.5 c. ft. per user 
may only be j>n>vided for domestic tanks. For the above 
capacity tanks the number of users can be inereaised occa¬ 
sionally to tiniea without over-loading. The minimum 
capacity of a aeptic tank should be not less than 250 gallons 
which is sufficient for 10 to 15 users; w idth should not 
i«j leas than T-O"' (prefer 2 ft. min.) for a man to enter in for 
cleaning. The len^h iu generally 2 to 5 times the width 
which may bo more to make the tank long and narrow 
so as to increase the length of travel of the sew’age. Width 
of a septic tank should not be more than 9 ft. for any aingle 
unit aa great width introduces the danger of uneven flow 
and local stagnation. Liquid depth should not bo more 
than 7 ft-„ ^ ft. max , at the inlet end which is con¬ 

sidered as IdeaTdepih, by Col, F.C. Temple. Liquid depth 
should noL however, b o l™ than 4 ft fo T s^ proper^ggtiojL ^ 
For more than 100 osers., it is preferable to tn^e more tEnn 
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one tank m parallel units. The largest practicable aiae 
for a single unit tank is oonflitJered to bo 72'x9 x7 
\chlch should be aafficient for about 2600 users. 

The following table gives iiLside dimenaions of domestic 


in the tubEa if IncrcuBod bjr 
J50 per oOTit wilt not os'flf-load 
ih« tanks. 

Thirnr ^^uld be an nir fipaoQ of 
U' to 12* nbov^ the lit^uia depth 
for the ooCumuLatiion of 
Theae nzea Inolude far one 
yeertiudgo siDfHgtr. (Fret^uenoy 
of slud^iO removal is optiom^ 
and may bn O'lllOVed at intor- 
yaja of ono to four yalirA*} 


No. of 

UBCIS 

To 

15 

20 

30 

40 

50 

100 


Length 

6 ' 

rd' 

&' 

7^ 

It' 

9' 

U' 


BrcQidth 

Liquid 

dfqith 

2' 

LJ' 

2' 

2k' 

2|' 

2i i' 

4' 

4*' 

1 ' 



The dosing chamber shotva hi the illustration need 
not Ho provided in tanks of less than 700 galls, capacity 
or where it is not considered necessaiy* The function of 
& dosing chamber has been eitplain^ ^ 
tight manhole cover is provided of cast iroti of ai®e 13 ^ ; 

or circular, A vsntUatmg pipe is generally pmmd^ of 
3 inches diameter, taken to about 12 to 15 feet h^ght. 
Venting can also he done by house vents or sewers. (Some 
authorities are of the opinion that introduction of a vent 
pipe retards becterial action). The floor of the tank should 
E^ope at 1 in 30 towards one side or the centre to facilitate 
cleaning of deposits, and the manhole should be above 
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this. The tank should be built as far awaj from the house 
as possible on the leeward side. 

Working and Care of a Spetic Tank. A septic tank 
should be initially filled with water. Disinfactants should 
not be used beyond ver\' small quantities which may be 
absolutely necessarj*, funce they kill bacterial life and the 
septic tank will not function. Soap and grease from bath 
rooms are also harmful. 

The working of a tank can be judged by the scum, 
it should be thick and unbroken. If there is thin scum 
or no scum at all and the liquid is quiet and grey, the 
sewage is very dilute, and passing through largely un¬ 
changed. If the liquid is black and bubbling, or “foaming”, 
the tank is too lajgo for its work, and over-septicization 
is taking place due to the sewage and the sludge having 
been too long in the tank, and removal of the sludge is in¬ 
dicated. A good septic tank effluent should not contain 
more than 15 parts of solids per 100,000. About 41 per 
cent of the solid matter in a septic tank remains as sludge. 
Sludge deposited in a tank mu.st be removed at least one© 
a year and should never be allowed to accumulate to a 
depth of more than one-third of the depth of the inlet 
compartment. The scum is not removed as it never in¬ 
terferes with the working of the tank. 

WTiere the effluent from a .septic tank is taken either 
in soak trenches or for land irrigation, the water is absorlied 
by only a small area near the end of the discharge pipe, 
as the flow is more or less of the nature of a drizzle, and 
which gets saturated with it leaving the remaining length 
dry. This can be remedied by storing the effluent in 
an extra chamber called a “Dosing Chamber” built in 
continuation of the tank. A siphon is fixed in this chamber 
or a tipping trough (described earlier) which discharges 
in automatic flushes at intervals after a certain quantity 
has been filled in. This also helps in flushing the drain. 
Size of this chamber can be 2J'x3'or of the same width 
as the tank according to the flow expected. Depth mav 
be 2'-9' to 3'-6' (floor to ceiling). 

For a single house of ten to twelve inhabitants built 
on gravel or chalk or other permeable strata, there is 
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nothing to cqnal a well for sewage disposal, provided 
the sub-soil water in the neighbourhood is not used for 
domestic purposes. The well may be about 30 ft. deep 
and 2 to 3 ft. diameter and only lined sufficiently deep to 
prevent the sides falling in. Such a well will work for 
many years, and when one well has lost its efficiency, it 
can be’filled in and another one dug on the opposite side. 
Such wells should be about 60 ft. away from the building, 
and should be covered. 

Use cast iron pipes for sewage up to a length of 4 to 
6 ft. from the hou.se to the septic tank and beyond that 
glazed earthen pipes; diameter is about 4 ms. to 6 ms. Give 
a slope of 1 in 40 to the sewage pipe to enable the soli^ 
to flow' down. Provide manholes for lengths over 300 ft. 

Effluent from Septie Tanks 

Cesspool or Seepage Pit. The effluent may be disposed 
of in a cesspool. The cesspool should be built 60 ft. away 
(min.) from the building. It is a smaU circuit chamber 
built below ground level. Depth is 5 ft. ininimum from 
effluent inlet to bottom. It may be built of brickwork 
or stone, with joints without mortar towards the bottom. 
For large flows, two or more cesspoob can be made at 
distances of not less than 3 diameters of cesspool apart from 
each other. Size of the pool will depend upon the abso^ 
tive capacity of the soil and the number of persons using 
the 83 r 8 tem. Diameter may be 4 to 5 ft. minimum for 
absorption aoib and 6 ft. for medium absorption soib. For 
slow absorption soib it is preferable to provide in duplicate, 
of minimum size. For size of the ceaspool. ^e absorp¬ 
tive area per user equal to 16 sq. ft. for rapid absorption 
soib, 26 sq. ft. for medium and 40 sq. ft. for slow absorp¬ 
tion’soib. Absorptive area of a cesspool to be the area of 
the bottom plus area of walb with open joints. 

A cesspool b lined with bricks or stones with open 
joints below the inlet pipe level and with mortar joints 
towards the top, which may be made comcal with a 
cover at the top. The pit may be filled with gravel 
or brick-bats for about 1 ft. WTiere the lining b to 
be omitted, it should be all fiUed with gravel bnek- 
ba ta or coarse sand, etc. The effluent from the septic tank 
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of^the^pk contents in the centre 

T^e bottom of a ce«8pool Hhould not be leas than 2ft 
a^ve the suh-soU water A soak-pit should not be leas than 
100 ft. away from a well or anv ao roe of water-aiinniv. 


Relative absorption 

Rapid abaorption 
Medium abeorption 
Slow abaorption 
Semi'im pervious 
Imperviotia _ 


! T>'po of aoil 

j Coarao sand, gravel 
Fine sand, sandy loam 
Claj' with sand or loam 
Dense clay 
Rork 


Approx, ranjfo of 

loading rates in 
gsna./ao.ft. day 

2.8 

2.8 to 1.4 
1.4 to 0 64 
0.64 to 0.46 
Below 0.46 


8 . DISPOSAL OF SITLLAGE FROM TOWNS 

Site of Disposal Works. Disposal works generally are 
the mam problem in a sewerage scheme and require verv 
careful coasidcration. Place of disposal of sewage is of 
pmnary importance and very often it governs the entire 
scheme. Accurate levels of the whole town with its out- 
skirts and the proposed site of the disposal works, are von,* 
e^ntial. Selection of site wiU depend upon the method 
of treatment to be adopted. Ideal conditions are very 
^dom met with and therefore, in most cases a compromiM 
has to be made. 

British SB^try of Health Recommendation, 

fortho quantity of eowage to bo treated at .Sewaee Puri. 

fication Plants ^ 

TOere the sewers are upon the “combined system*’ the 
works shaU be capable of providing fuU treatment for a 
quantity equ^ to three times the mean dry weather flow 
and m addition to this there shaU be means of partially 
treating a further quanUty equal to the above, any exooii 
to be discharged over the stormwater overflow. ^ 

In tow^ sewered on the “separate system” the full 
t^tment to be provided for a quantity equal to twice 
the mean ^ weather flow, and partial t^tment for 
four tunes the dry weather flow. 

*^0 above degree of dUution are to be calculated 
on the average rate of flow throughout the ‘»4 hours 

1^0 allowance must be made for future expansions 
and mcreaao of population as explained earlier 
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iSoide timef^ it will be found more Advaatageou!^ and 
convenient to divide a town ipito (iepamte high and low 
level Kones ftt different sitea and to make tbeir own in¬ 
dependent sewerage sj^tcms and diapofla! w'orka. Or, to 
collect the sewage of the low level lone in a eunip and 
pump it to the high level zone sit* for treatment and 
disposaU 

HoiiVBver, an ideal site would be, to which all the 
sewers will flow by graritationu'ith self’Cleansing velocities 
and where the laafc sewer will still have fall enough to 
discharge itaelf at such a level aa will allow the w'att^r 
to pass through all the operationa required for purification. 
This means tlifit the she of punfreation works should be 
toughlj 10 to IS feet below the lowest level in the town 
end, according to the length of the sew'ers and the cuagui’ 
tude of the worka, and it should also be below the 
level of the surttuiuding propertic.s. 

Tlio land selected for purification works should not be 
very far from the toviTi £Wi it will ncCtl long lengths of 
outfali sewers at extra expense and there would also he 
likelihood of sewage getting septic during the long travel ; 
worka too near the town, will also be Bource of miiaancc. 
There should be no danger of the w orha being inundate<l 
and damaged by floods or heading up of the sewage water. 
The sub'SoU water level should also stay sufficiently low' 
even during the wet season. If possible, a site on the 
leeward side of the town should be salceted. 

Sewage Treatment. The tjqies of sewage treatment 
are diWded under two heads, “primary*' and “secondary" 
Pfiraarj* treatment comprises of processes which include 
grit settling, plain settling and precipitation of colloidal 
particles by the addition of chemicals. l?5eoondary treat¬ 
ment includes dilution of selvage by w^ater. land irrigation, 
trickling filters and activated sludge process. 

Screens or Racks, Scrcena ere provided in front of 
pumps and sewage treatment plants to remove the large aiis- 
pended or floating matter other than faeces, generally con- 
sLsting of pieces of wenod, paper, rags, and animals. It ia 
important that the acreening chaiaMT is so designed that 
the velocity of the rewage is not checked, far if it ipi, grit 
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and putrefactive matter may settle on the invert. The 
screening chamber is made 2 to 2^ times wider than the 
waterway and the floor kept steeper than that of the sewer 
to keep up the velocity of flow. Length and height of 
chamber is so fixed which will not cause overflow if removal 
of refuse is delayed for sometime. For a small 6 in.s. sewer 
on a gradient of 1 in 100, a chamber of size 10 to 12 ft. long» 
4 to 6 ft. high and 1 to 2 ft. wide, with a 1 in 40 floor slope, 
with duplicate screens, is considered suitable. 

Opinions differ as to the size ofspacings between the 
bars ; spacings of 1to 2' will serve for most of the works. 
Where finer screening is desired, two racks can be fixed, 
coarse and fine which may be with to j' clear spaces. 
The bars are rectangular in cross-section, usually about 
}' X 1 • and are placed with the long dimension parallel 

to the flow. The b^ of the screen are fixed up and down 
(not horizontal) with the top inclined dowmstream at an 
angle of 30 to 60 degrees to minimize clogging and facili¬ 
tate cleansing. Oirving the bars at the top will permit a 
rake to be drawn through more conveniently. The bars 
may be fixed with an angle iron at the top and bottom 
and the screen may be fi.\cd or movable. Where two 
screens are fixed in the same chamber, there should be 
sufficient space between the two screens to permit easy 
removal of screenings. At small works hand-r^cd screens 
are most suitable. Mechanical screening is recommended 
for flows in excess of five million gallons per day. 

The quantity of screenings removed vaiies with the 
size of opening.s, and may be about 1 c. ft. per million 
gallons with openings larger than 1', and about 8 to 10 
c.£t. with J' to I' openings. The simplest method for 
disposal of the screenings from small installations is to 
bury the same in shallow trenches and cover with earth, 
while for large installations, they may be passed to sludge 
digestion tanks where provided, or destroyed by incinera¬ 
tion. Sometimes the screenings are returned to the flow 
of sewage after maceration. Detritus and screening cham¬ 
bers are generally combined for small projects. In big 
projects cutters and shredders are installed to reduce the 
screenings to small pieces so that they can pass through 
pumps and be digested with the other sewage solids. 
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Grit Chambers or Detritus Tanks. These are small 
longitudinal detention chambers made to remove heavy 
inorganic matter such as sand, gravel, grit or rood metal. 
As sand and ashes are used in India for the cleaning of 
utensils, removal of grit is essential for the protection of 
pumps where sewage from combined systems is to betreated 
and for the efficient working of the purification works 
where sludge is to be treated by digestion. A grit cham¬ 
ber should be provided at the end of outfall sower and prior 
to the septic tank (or settling tank). It should be small 
and narrow in proportion to length to check the velocity 
of flow, which should not be more than 1 ft. per sec. 
so that it may deposit heavy solids and allow’ the floating 
faeces to pass on to the septic tank. The capacity of a 
grit chamber may be about 1/125 to 1^100 of the doily 
average flow with detention period of 1 to J minute. 
The area of a tank is determined by surface loading and 
the depth by the detention peri^. 'I'he grit is consi¬ 
dered to settle 1 ft. in about 16 seconds, and the chamber 
should be about 1 ft. long for each inch that particles must 
settle. A travel of 30 ft., •*.«., a length of 30 ft., is con¬ 
sidered sufficient for small installations. The depth 
should be about l/16th of the length ; the usual depth of 
a grit chamber is 3 to 4 ft. The quantity of grit is con¬ 
sidered to be about 3 to 5 c.ft. per million gallons. The 
bottom of the chamber is made trough or hopper shaped 
with narrow invert for the collection of grit which may be 
removed manually at intervals of about 4 to 10 days. The 
inlet and outlet ends should be flared to avoid eddies. 
Tanks should be built in duplicate. 

For small works the detritus tank may serve as screea 
chamber and its size is mainly determined by the pro¬ 
portions of the screen. 

The term “grit chamber" is used for a small sire tank 
and “detritus tank or chamber" for a big size tank. 

Skimming Tanks are provided where grease and oil 
are found in sewage, such as from garages and hotels, 
as they are likely to form scum in sedimentation tanks or 
clog filters and interfere with oxidation in aeration tanks. 
Skimming tanks are about 3 ft. deep and have a dctentior> 
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period of about 3 to 5 minutca. There tanks usually work 
with compressed air which is passed throuffh porous plates 
or perforated pipes fixed at the bottom of the tanks. The 
scum is removed by hand. Scum boards or baffles (also 
called partitions or curtain walls) are fixe<l about 4 to 6 
inches below the scum surface for the liquid to flow under 
them continuously. 

Sedimentation Tanks or Settling Tanks or Clarifiers 

Grit chambers, skimming tanks and screens are pro¬ 
vided ahead of the sedimentation tanks. 

Se<limentation tanks are made to remove by gravity 
the scttleable or suspended solids thereby greatly reducing 
the strength of a sewage for its further treatment. The 
detail design of sedimentation tanks Is more important 
than their capacities and the efficiency of a tank Ls greatly 
dependent on the design of its inlets and outlets. A plain 
sedimentation tank is a long narrow horizontal tank with 
length varying from 4 to 5 times the breadth; depth is 
6 to 12 ft., usually about 9 ft. Detention period is 2 to 3 
hours with a velocity of about 1 to 11 ft. per minute, and 
overflow rate of 600 to 800 gall, per sq. ft. per day to 
bring about sedimentation of the suspended matter. 
Shallower the tank, the shorter need be the detention period. 
Additional provision for sludge deposit at the bottom has 
to be made, which is removed after a week or 10 da3rs. 
Large tanks are made into two or more compartments 
lengthwise. Inlets and outlets should be so arranged that 
do not cause disturbance to the flow. Inlet may be lid 
into the tank downward for about a foot. The sew'age 
should enter the tank quietly and at a low velocity and 
any turbulance should be dissipated in a silting chamber. 

The outlets should be weirs of such length that the flow 
over them is very shallow. Baffles can be provided in 
front of them, about 1 ft. below and 9 inches above the 
surface of sewage. Instead of single large pipes for 
inlets and outlets, a number of pipes produce less distur¬ 
bance. Two or three submerged overflow baffles placed 
across the direction of the flow, extending upwards a few 
feet above the bottom will break up bottom currents. 
Floor U moile inclined towards the inlet with an outlet 
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valve for sludging where there is maximum of sludge de¬ 
posit ; slope is 1 in 20 to 24, or the t4mk8 should have a 
wntral narrow invert to which the flow of the tank slopes. 
Where tanks arc made with pyramidal bottoms, they a^ 
usuallv sloped at 60 deg. or steeper. There should ^ 
.sufficient capacity for sludge storage below the inlet level, 
a practical rule of thumb w to allow 2 goUs. per heatl of 
population. The usual method is to u.se the tanks con¬ 
tinuously by drawing off over a long weir e.xtending the 
whole or part of the width of the tank, in a thin film at 

the same rate as the filling. ’ • j r . 

The number of tanks should be sufficient to provide for 
the maximum capacity required, and m addition at l^t 
one extra Unk for cleaning. By-pass channels and valvM 
should be provided so that any one tank can be usolated 
and emptied for cleaning. There appears to be no adv^t- 
age in wvering a tank, from the working point of view, 
but if covered it 8hould*bc by crooeoted planks, laid loosely ; 
permanent covering is not recornmended. 

Dosing Tank Is a tank into which raw or partU treated 
sewage is collected, let to stay, and discharged at such a 
rote as niav be necessary for suWquent treatment. The 
capacity U equal to one gallon a yard super of the filter 

bed. 

Chemical Preclpltotlon. Certain cheats added to 
faciUUte the removal of suspended 

conUins high percentage of sohds or industrial waste. 
Chemical p^ipitation is employed to mcrc^ the quan- 
tity of solids removed by sedimentation and also to ex- 
uedite the process of settlement. Much smaller size of 
J^sare i^uired. is possib^ to remove 
85 to 90 per cent of the suspended sohds by this process. 

Aa tte adStioi. of chemic^ U quite ^ 

used only under special circumstances. Chemicals are 

to the eewMp, ‘ii)?It 
tanks aiKl after having passed thn^h 
chambers. Chemicals generally u-sed are . lime, alum 
iron salta, sulphuric acid, copperas, etc., either 
in corabmation with others. Lime is mt^ frequently u^ 
and where sewage contains waste from breweries, 10 to 20 
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fcrainj! per of aewago is the dose. If alum ig ujwd, 

6 to 9 grains per gallon are reqairuej, E^act dosage de¬ 
pends upon the character and the strength of the sewage. 
The coagulant should be added in the form of solution ; 
it should be quickly and thoroughly mi^ed with the se wage 
which should then flow into the coagulation tanks with 
detention period varying from lo to 30 minutes, l>efore 
going to the settling tanks. The process will produce more 
sludge than by plain sedimentation and thig sludge has 
no \’aluc as a fertiliaar. Effluent is fairly clear with very 
fine suspended colloidal solids. 

Sewage Filtration: General Principles 

After the sewage has been passed through a settling 
tank^^ the more or less clarified effluent is applied to an 
aerated bed or filter in a finely dirided form, it trickles 
dow-n through the interstices, and during its slow passage 
through the filler it becomes oxidiaed and rendered free 
from putrefaction. 

Wliere disposal of sewage by land treatment or by 
dilution is not possible or suitable, filtration methods 
are employed which consist of passing the sewage through 
some filtering media such a« gravel, crushed atone, broken 
bricks, slag, cinders. All these materials have about the 
flame efficiency, therefore, availabiUty and coat should 
be oonaidcrod while choo^iing. SLse of the filtering media 
depends upon the strength and character of the sewage, 
coarseness or fineness of the materials and the thickness of 
the proposed bod; aiise generally varies from to 3', 
Coarser materiaL? are usM in deep beds and for filtering 
strong sewage, and finer materials for shailow beds and 
w‘eak sewage. Smaller size produce better results but 
the filters are liable to get dogged earlier. A bed of from 
6 to 19 ft., depth is generally considered Ruitablo for sizes 
vniying from U' to 3' , and of 3 to 5 ft. depth for sizes 
I' to r , A filter should never be very shallow other* 
wise the liquid to bo treated would not bo long enough in 
contact with tb© material. The deeper the bed within 
certain limita the better will be the effluent. Shallow filters 
fcan be arranged to operate in scrioa to give bettor reaulta 
t_as the effluent can recirculated. i\Iaterials of unifoim 
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size are generally preferred &3 they have more voids and 
give better cireulatloa of air; difforent sizes are placed in 
separate layers with coarser materiftls at the bottom. 

The effluent of the primary filter is eolleobed and res- 
priiiklcd over the secondary filber and becomes re-aerated 
and redistributed. The pritnnry filter may be made of 
somewhat larger material, and the secondary filter may be 
composed of much finer material, which gives the better 
purification. 

Presedimentation (sereening and removal of grit 
and grease} of tbe applied sewage is essential to good 
performance of the filters otherwise suspended solids 
will cause clogging. Most of the suspended solids are 
removed by the above preliminary treatment but the 
very fine suspended solids and the dissolved materials 
still remain to be removed. When the sewage is passed 
over the fitters, the surface of the contact matcriais is 
coated with a slimy gelatinous organic film which acta 
upon the bacteria and the sewage solids coming in contact 
with it and transform tbe organic matter and purify the 
sewage. This film is formed only in the ooume of about 
15 to 20 days, which may be decreased if filter effluent is 
returned to the bed; the action is incomplete till tiiis film 
has been formed. 

Contact Bedi are w^ater-tight compartments or tanJ^s 
of masonry, usually made below ground level, filled with 
filtering materials about 4 to 0 ft. deep. Concrete floors 
with under-draina are provided for oollooting and draining 
out the effluent. The pre-treated sewage is filled in slowlv 
in about I to 2 hours throngh an opening near the surface, 
or is preferably distribute on the iaed by means of 
troughs placed at the bed surface (as described lator 
under trickling filters), or it may be discharged ov-er per¬ 
forated corrugated iron plates laid over the rdter, without 
disturbing the gelatinous film. The tanks are allowed to 
stand full for about 2 hours and then emptied slowdy in 
ubont 1 hour; are then given rest for about 4 to fl hours, 
and the operation repeated again. A full day’s rest is 
occaaionally gtien to each bed in turn, and a thorough 
flushing and cleaning of the filtering materiala is neeeasaty 
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iD almiit 4 to 6 years. The r^te of treatlOeiit is about 
40 to 60 galls./c, yd./day for average eci.vagej and it will 
remove about 60 to '0 per cent of the orgatuc matter and 
nbout BO to 60 per eent of the suspended aollds. The aize 
of a filter should be in accordance with the volume and 
strength of the sewage. This method is not ko efficient 
as the Trickling Filters described below but is adopted 
where head Ls limited and pumping ia not desirable. The 
efficiency can be improved by repeating the process on a 

finer bed. ... , 

Sludge Dlgestioji. Tlie kludge accumulated in the 
bottom of A flcdimentation tank and the scum of fr^h 
solids fle&ting on the surface have to be dealt w^ilb at in+ 
tervols. In small installations these materiala are remov^ 
and disposed of in shalloAv trenches and lightly covered in 
with the excavated earth. For big Installationaf sludge 
tanks or beds arc constructed near the Bedimeiitation tanks 
into which the sludge from the latter is run at intervals 
and allowed to dry'. The amount of sludge collected at 
the bottom of the sedimentation tanks is taken equal to 
^ gab. per head of population per day* The sludge is tlU- 
ehorged on to the beds to a depth of about 6 iits,, Icft^ t* 
dryn tfor about 4 to 8 days) and removed for further dry'ing 
on a dump after it has bMome eemi-solid and can be re¬ 
moved w ith a spade. One super yard of bed is required for 
every five to seven head of population, and at all works 
there should be 4 to 6 individual beds to permit rotation 
of the drying process. When dried, sludge La removed as 
an inert imterial which is valuable as a fertilizer. 

Percoladng or Trickling Filters. Tliis method of treat¬ 
ment is by far the most common method of seiivagc aeration 
and U u^ for works of all sizes. Percolating filters are 
more or less like the “contact beds" described above except 
that the walls are made lioncyooinbed or otherwise pro¬ 
vided with openings for the free circulation of air all through, 
and ore usually built above ground level. Sometime-^ w alla 
am not provided and the filtering material are stacked 
in their natural angle of repose. The prelrcated sew age 
is applied continuously to the surface by sprinkling or 
acme such other arrangements, and it percolates dowly 
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through tho filtoHng modia reaching tho f[t>or where¬ 
from it L-? oollceted hy drains proiridod for the purpose 
and led out. Thia givea an opportunity for the organio 
mitbor to bo oxidised by bioelieTnical agencies. The 
filters may be made circular or rectanguUr. circular are 
preferred for Rmad sizes, Tho depth is 4 to LD ft. and 
the aizs usually recommended i3 70 galls./c. yd./day, with 
average sewage (and 3o to 40 galls, w'itli very strong sewage) 
and 10 ft. depths using to 4^ size of atones or hats \ or 
an average of 150 gvild,/sq, yd./day, with G ft. depth and 
2' size of etoneSr With strong aewage the quantity is re* 
dueed to about half and with weak sewage using fine size 
filters, increased to about 2 to 3 times of what has bean 
Tecommended above for an average idewage. 

Various devices in the form of spray nozzles, either 
fixed or rotating, arc employed for the distribution of 
tank effluent over the filters, A simple device fur small 
works ia to make Jong troughs in the shape of VV by bending 
iron sheets, with notches cut into the ridges. These 
troughs are placed in parallel rows abeut 5 ins, abevo tho 
surface of tho filter on small masonry pillars, and when 
the sewige Flows along tho gutters it overflows in smiU 
quantities through the notches in the ridges. Pipss can 
also Ijo tisei insteid of troughs with holes drilled to wards 
the bottom. M iltlple jets or outlets are m>rc ofriciciit 
than single outlets in getting better dUpi^rsion ani less 
sick ares, 

A thin transpirent film upon the stones jntUaatoi 
favourable con litlon. When a filter is overdoicii, tin 
gcl ittmus Tiltu formed over tho surfivco becomes ten tliick 
which pravanta air p just rating into tho lower layers (free 
circulation of air through thn filters is very eassntial)^ clogs 
the bed and roducai the rata of flow. Thia can be reme¬ 
died by a pirioJ of rest or intermittent distribution ; raking 
tho bod aurfacB is al^o benericial. A 2G p^r cant solution 
of cntHtic sodi. or in aom^ eases a strong snLution of copper 
sulphate hai been found effective, 

Sime enginaars constd3f that the oFFIcienay Ls muf'h 
incr’j-is^d if there is alternsba dodnt and asration. i.r, 
15 minutes reat, and for which a dooing tank Li provided 
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with a capacity equal to 30 minutes’ flow of sewage and 
with a simple mechanism for its working. This tank is 
built in between the filter bed and the septic tank (or 
sedimentation tank). The filter bed should be provided 
in duplicate. 

A cement concrete floor is provided with open jointed 
half-round under-drains, 3' to 4' size and about 1 ^ to 3 ft. 
apart, laid radially fiom the centre with suitable falls 
(say 1 in 100), led to an external peripheral channel, 
for collecting and disposing of the effluent. Unglazed 
earthen • lay tiles are also commonly used. 

Simple Filters for Small Installations. Make a circular 
platform of concrete, cement rendered, laid 3' higher at 
the centre than at the circumference, surrounded by a 
drain to carry off the filtered effluent. A 5 ft. high pillar 
is built in the centre of the platform the top of which is cor¬ 
belled out to form a basin 2 ft. diameter, the lip of which 
must be exactly level all round. The treated effluent 
(from a septic tank) is led into this basin so as to spill over 
(all round) the level edge of the basin. The filtering material 
is piled up around this pillar with coarser materials at 
the bottom and finer materials at the top. At tlie bottom 
6-in8. two layers of dry bricks or stones may bo laid with 
I* spaces between them. Quantity of filtering material re- 
quiml is about 3 c.ft. per user of the septic tanks where tbe 
filtered effluent is to be used for irrigation or is to be dis¬ 
charged in a stream. The height of the filter will depend 
upon the head available, but 5 ft. is considered to be the 
ideal. Where more clear effluent is desired, increase the 
quantity of filtering material or refilter. 

Intermittent Sand FUters. Sand is used as filtering 
media. These filters are very efficient but require large 
area, therefore, are not suitable for treatment of town 
sewage, but can be installed for infectious diseases hospitals 
or where a highly treated effluent is desirable, or as a 
finishing treatment to other secondary methods. Beds 
are usually made rectangular; at least 3 and preferably 4 
beds are required for one installation. Bed depth b 18 
to 30 ins. Loading rate is 2 to 5 galls./sq. a./dav for ore- 
Uminary treated sewage. IgaU.jsq. ft.;day for rai sewage. 
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and 10 galls./sq. ft.fd&y for finishing treatment. Single 
dose per day per is given, this gives a resting period 
of 2 or 3 da\^ to each b^. The sand used has an effec¬ 
tive size between 0.20 to 0.50 nun. Open jointed pipe 
drains are laid in trenches under the sand filters for 
collecting the filtered effluent. These pipes are surround¬ 
ed with gravel or crushed stone of size 1' to 2' , follow¬ 
ed by smaller size up to about in 3-in. layers, to prevent 
sand sifting into the pipes. The bottom of the saixi bed 
is sloped gently towaids the underdrains. 

A dosing tank of masonry is constructed on one side 
of the sand beds which are arranged in series, and haa 
a capacity equal to the desired single dose for a bed. 
Sewage is applied through tr ughs or perforated pipes 
placed in such a manner that the flow is distributed evenly 
over the whole area of the sand bed in successive doses. 
When clogging occurs, the surface should be raked and bed 
given more rest. If a layer of solids collects upon the sand, 
it should be scraped or swept off. 

Humus Tanks or Secondary Settling Tanks are installed 
when a high degree of purification of the effluent from 
filters is required for discharge into rivers or streams. The 
effluent from trickling filters has a large amount of light 
flocculent humus like matter which is removed by settle¬ 
ment in the humus tanks. This humus, although inert, 
cannot be allowed to pass into a water-course, as in due time 
it would produce mud in largo quantities and seriously 
impede the course of such a stream. 

These tanks are similar to plain sedimentation tanks, 
and may be hopper bottomed or flat bottomed; arc 
provided next below the filters, (or primary filters where 
double filtration is adopted), llie capacity is usually 
about one-sixth of the diy weather flow. The humus is 
collected and dried on sludge beds. Where filter effluent is 
finally disposed of on land, the provision of a humus 
tank is unnecessary. 

Nature*s Method for Purification of Sewage. Sewage 
is a very complex material containing highly putrefactive 
matter both in a solid and a liquid form. 

Purification of sewage is effected by living micro- 
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orcnniam'i ^vhlch are alwap peesent in tho humin exertta. 
They break up all harmFul complex orgime substance 
of Bc wage Into harmlcB? aimple compoiiui^. Thera are 

three varieties of the^ organisms 

(0 .'U era6ii liicUna which exiat vTithout oxygen 

and thrive in absenvo of light ani bring abnub d^mpori- 
tion of waste tnatltr, the breaking down of the wlida. 
andevontually reduc* the organic niittcr into a liquid foriu 
a-cempamad by an inert form, which is the first stage 
towards purification. This Uquid is devmd of oxygen and 
Bves off foul gases. They are found in aeptio taulpi. 

* (ii) Aerabio Baeferio which require oxygen for their 
exi-stencaH thrive in prcMOoe of light anl briuf about oxi¬ 
dation of the so wage; come into play in sewige filbert, 
oontaot beds and activated sludge procois, which is the 
Bocond stage towards purificatioTi, 

(lii) Faetdfative Bidtria which exist with or without 
oxvgen, thrive in abundance in absence of air and come 
into play in covortd tanks jnst like anaerobic varieties. 

Activated Sludge Prooess. Is a syatocu of sewage 
troatiucnt in which certain amount of oxidi?ed or aotlvated 
sludge ie intimxtoly mixed with the s&wags which greatly 
hftstons the procssi of oxidition of orgiuic raUtor. Tho 
space required in this procesa us much smiUec thau re¬ 
quired by the trickling filters. It is usual to submit sawage 
to ptoiiminary treatm nt before activation. Toe quantity 
of activated sludge to ho mixed varies from 5 per cent to 
20 cent according to the nature of the aewage to be 
treated nnd it takes I'to 3 weeks to establish normri opera- 
ting condition-s in tho plant. The period of dot:;ribicui 
ia about 1 to 0 hours for a diluted fresh domsstic sewage, 
which may be a to 10 hoars for a strong sewage and s^wigo 
containing industrial wastes. Tanks arc usual y rectangular 
in plan with equal to about IJ to 2 times the depth which 
is about 10 ft- in small plants and 15 ft. in large plants- 
There arc two methods of aeration and. activation : (*) 
Compressed air is introduced through porous slabs < r 
"di ft users” into the sewage as it flows through tanka. 
Air ia supplied through vortical pipes which run 
longitudinally along the tank, (ii) Mechameal aeration. 
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in atirrers are employed to aemte the sewage and 

to keep the tank conteats in circulation. 

Trade Wastes or Industrial Westes* Are the waste waters 
produced by manufacturing processoa which are of no 
eammercial value. If these wastes are of such composition 
as would damage the sewers or interfere with the treatment 
p^oces^;eR^ then prctrealment of these waste& is easentiol 
before disehargc into the main fewers or treatment plants. 
Provision of Ecrccns for removing suspended solidfl and 
aedimentation tanks or chcmieul precipitation tunks will 
be adequate for most of the trade wastes. 

Ftimping Stations. Certain roDsidcrationa are esscutiai 
for the location of pumping statione. Long lengths of 
pumping mains [or rising mains) are undesirable as they 
result in septic sew'age^^ the pumping station site should be 
chosen to keep this length to a minimum. The pumping 
station should howeverp be located as distaut as possible 
from residential quartern. Pumping operations may be con¬ 
centrated to ore point or may be distributed to a. number 
ofetrategic points of a drainage system. Sewage pumping 
mains should not discharge directly into a sewer, but into 
a manhole or a chain her of suitable size which is ventb 
laled by a shaft or other means. Overflow & at or near the 
tail end of the fiew er system are absolutely necessary to 
deal with inadequate pump necessaaity or power failure, 

tamping Sewage, Fumpa have been described in 
detail under '“Water Supply". 

There are special typea of pumps suited for lifting 
eew'age and the pumps most commonly used are the cen¬ 
trifugal pump^, which should be of the open impeUer or 
bladckss impeller type to avoid chokeagc. The pumps 
must bo '“full-way" able to pass a ball of 3-in. diameter 
without chocking. Such pumps are ccmparatively low 
efficiency pumps but do away with the necessty of in¬ 
stalling screens. It is considered better to screen the 
sewage and pass it through ordinary' pump of high efd- 
ciency; 

All sewage should, how'ever, be sereened and passed 
through grit chsmbera to remove suspended solids before 
allowing through pumps. Fropeller-type pump may bo 
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tyufiA fordealinjr with storm-water flow. The mixod-flow- 
^ adopted where the volume of sewage to bu 

b a-S wher* the minimam head exoe<^ 

ft The axial-flow or propeller-type pump should 
Ja l^gc volume o? sewage has W be pumped 

**“^rtiMl-'°^ndirintrifugal pump should ^ 

ThU Dump the advantage of permitting the motor to 
L nlaced above the pump pit to safeguard against damage 
t &r ^e S^ace coupled by this set is 1^ t^n 
that occupied by a horizontal set of similar ca^city. and 
v3 slit can be made of any length. Dm^t- 
evizs/i vortical pump is the most economical. The 
hor^ntal direct-coupled pump set may be preferable 
vi^^tho depth of the installation is 15 fe. or less. Thw set 
u more ea^y maintained. Except where cu^nt w 
not available, starting should be automatic by float, 
nnpiimftt .10 or doctnc control* ^ 

Xuproeating pumps are less used for pumping sewage 
as S^y*^are suiSeptible to choking and fine serMn^ of 
the sewage is necessary. They are particularly smtable for 
dtaUiig with thick sludges or for pumping naiiut vanable 
heads.* Becriprocating pumps, where used, should pro- 
ferably be of the plunger type. Turbine pumps are not 
suiUblc, and also roUry. 

Number and capacity ol pumps, (i) For small in¬ 
stallations, there should bo two sets each capable of handl- 
ing an average daUy sewage flow in six to eight hours, 
fin For medium installations, a mimmum of three seta 
would be necessary, one set-average daily flow one nU 
twice average daily How, and one set capable of handhng 
three times average daily How. Some engineers recommend 
that all the three sets should bo of equal capacity, each 
capable of dealing with half the maximum rate of flow, so 
th^ frequent cutting in and out is avoided. 

The economic diameter of the rising main which de¬ 
pends on the velocity at the normal rate of pumping, not 
^e ps'ak rate, should not be less than 4 ins. and the velo¬ 
city of flow not less then 2| ft. and not more than 6 ft. per 
■ec. 
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Poeumatic Ejectors are installed where small quantitiw 
of unscreened sewage are to be lifted to a high level in 
isolated locations and the installation of a pump would 
not be justified. They are very simple, reliable, easy to 
maintain, and convenient in worWng havii^ no parte 
likely to be clogged, require very little attention, are si¬ 
lent in action, but their efficiency is not very high and are 
useful only for small jobs. Ejectors work on compressed 
air and several types are available in the market based 
on the same principles of construction. Usual capacity 
is 200 to 1000 gallons per minute, with lifts of about 20 ft. 
“Shones" Pneumatic Ejector is a well known make generally 
used. They should be provided in duplicate. 

“Wet wells” should be covered, and capacity at small 
installations may be equal to one hour’s average flow. In 
larger installations the detention period in the wet well 
should be limited to from 15 to 20 minutes. The average 
sewage depth should be 5 to 6 ft. and the bed of sump 
sloped towards the suction side. 

Valves on Pumping Mains should be located as follows:— 

(а) Reflux valves. Immediately above pump to re¬ 
duce back surge and water hammer, and should be placed 
on the horizontal portion of the main. 

(б) Sluice valves. As an Isolated valve at pump (above 
reflux valve to enable this to be readily isolated in the 
event of its requiring attention), also at points on main 
where required to isolate sections. 

(c) Air Release valves. At summits of mains. 

Methods of Sewage Disposal 

By Dilution in river or sea. Flowing fresh waters are 
a natural source of purification for the presence of 
oxygen in them. River water is better than sea water. 
Sewage must bo quickly and thoroughly mixed in the 
diluting water which should be adequate in depth, suffi¬ 
cient in quantity and strong in forward current at the outfall 
so as to prevent the deposition of solids and their decom¬ 
position. Sewage should bo thrown in sea water only 
when helpful tidal currents are present. A dilution ex¬ 
ceeding 500 parts of water is considered sufficient for crude 
sewage but it is always preferable to pass it through 
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•crccning chambers and settling tanks with capacity of 
about 2 hours flow, or subject it to some form of primary 
treatment so that the solids which would otherwise float 
on the surface or form deposits at its bed are removed or 
reduced. Sewage should be discharged under the surface 
of the water, a depth of about 10 feet minimum is consider¬ 
ed necessary depending upon the quantity of the sewage, 
its condition and the strength of the current of the water. 
Site of the outfall is also an essential consideration keeping 
in view if the river water is utilized for drinking or other 
domestic purposes. 

Treatment of Sewage on Land. Tlie clarified effluent 
from sedimentation tanks can be effectively treated on 
land economically where cheap and suitable land is avail¬ 
able. There arc two methods of treating sewage on land, 
depending upon the physical nature of the land available : 

(i) Filtration : by which the sewage filters down 
through the land where the soil is light and porous; 

(li) Broad irrigation: w* ch is applied on a non-porous 
soil; the sewage is run over the surface and collected again 
in ditches or drains for retreatment on a fresh plot. 

In the filtration method the settled sewage is irrigated 
into trenches and the treated effluent collected in under¬ 
drains which run parallel to and between the trenches. 

The quantity of effluent that can be dealt with by a 
certain area of land depends upon the character of the 
soil, sub-soil water level, weather, and the strength and 
nature of the sewage to be treated. Best soils arc san >y 
loam overlying a d^ gravel or otht r porous sub-soU, about 
6 to 6 ft. deep in aU. The worst soil is stiff clay. Black 
cotton soil or heavy red or yellow soil is umuitablo; peat 
is almost useless. Pure sand is also not favourable as the 
sewage will pass through very quickly leaving a colloidal 
slime at the surface thus clogging the pores. Irrigation 
or land filtration with raw, crude sewage is not practicable 
as the solids choke the surface and prevent the oxidation 
of the liquid which b necessary for a goed effluent. As a 
minimum treatment, a dilution of two parts fresh water to 
one part sewage b recommended. hen dilution water b 
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not available, the conventional treatment of screening 
and setting ia essential. 

V\ hen the sewage, after previous sedimentation, is ap¬ 
plied to land filtration, the quantity in gallons per acre 
per day generally varies from 4,000 to 30,000 that can 
be absorbed by a land depending upon the jiorosity of the 
soil, strength of the sewage and other conditions. Some eru 
gmeerabaso their estimate on an average of 1 acre ofln^ 
per ICO persons when the sewage has l)een diluted 
with twice its own volume of fresh water. Good crops can 
be grown on such lands. Surplus land up to 2r> per 
is usually required for rest. When the sewage is appi 
to land by broad irrigation, about three to four times more 
land will bo required, with surplus land up to about -5 to 
60 per cent. 

Sewage should not be applied in greater 
than can be absorbed in about half an hour, l^n i- 
cation takes place duo to the action of aerobic Mcteria 
in the porous soil. The sewage should be applied in r- 
mittently on the land which should be divided into or 
parts, each receiving sewage for a day or two and a ow 
to rest double this period. The surface should 
ed from time to time. If the soil does not readily 
the sewage, aid of irrigation is taken. The land ® 
levelled with a gentle slope towards one side and the ms- 
tribution of sewage should be as uniform as possible. 

W’hcrc sewage is passed on to a land for irri^tion, 
about 2 to 4 inches of sewage can be applied at a time on 
a porous soil at 8 or 10 days intervals. Tlie common 
method is by means of furrows opening out from a header 
ditch. The crops are grown on the ridges between 
Another method is to apply the sewage on a plot of land 
several inches deep and allowed to percolate into it and 
the flow directed to another plot. Sometimes cr<^ drains 
are provided at the lower edge to catch the surplus wa er 
for re-treatment. Resting period is allowed between each 
application. The main disadvantage of the treatment ot 
sewage on land is that it cannot be applied for all the twelve 
months of the year at the same rate. During rams and 
harvesting periods no land or less land is available. 
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Absorption Tranclies, Open jcintod pipe drains, about 
4-ins. dia. or more are laid to a gradient of about I in 300 
to 500 in ft tronch and filled all round uith broken stone, 
gravel or briek-bats of size to 31" , which should sur- 
toxind the pipes with a lUinimum of 4' to 6" at the bottom 
and £' at the top. The pipes may be laid to a gap of 

to between them and the top of each joint covered 
with half tile pieces or mth aggregate of bigger size than 
the gap. The ividth and depth of the trenches is governed 
by the ab^rptive capaeity of the soil Locreasing with de¬ 
crease in percolation ratc^ The usual dimen-sions will 
vary from IS' to 36' width at the bottom and IS* to 4S' 
depth. The trenches should be laid at a distance apart 
equivalent to three times the width of a trench with 0 ft. 
minimuiDr The trenches are filled with the e^Ecavated 
material above the broken stone over the pipea. The 
effluent can be distributed to the various trench drains 
through a distribution pit made at the end of the outfall. 
TJie above method applies to small flows. Where large 
flows from towns are to be handled In this manner, and 
which will be necessary where land irrigation is not poe- 
eible for the soil being poor,, the trenches should be dug 
about 50 to 100 ft. apart and aide drains (or open 

trenches) made at right smgles to the main drains, about 
8 to 10 ft. apart'. 

Raw' sewage or effluents from septic tanks or settling 
tanks should not be used for irrigating growing crops or 
vegetables. 

A sketch is given sho¬ 
wing typical arrange¬ 
ments for the disposal of 
sullage water from a 
am all town by land irri¬ 
gation. The sciUage i@ 
screened through a screen 
built in a small chamber. 

The water is collected 
into aiimps made in 
duplicate to hold one 
day's flow. From these 
sumps the water is passed 
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it can b« either pumped or Uken out by a Persian whwl 
and the effluent disposed of by broad irrigation. The 
sumps are used one at a time and the water » ra^e to 
deposit the solids, which are cleaned by hand. The 
wo^ are generaUy made to deal with only the suUage flow 

and not the storm water flow. • 

The sumps may be made rectangular or 
depth 6 ft. niin. to'lO to 15 ft. max. If rectangular length 
to*be 3 to 5 times the width. This is to help ^ttlement 
of the solid matter. SUt and sand earned doi^ the d^na 
should be deposited in a catch pit and any ^ 
should be screened out. It is sometimes 
make a grit chamber in between the sewn chamber and 
the sumps for the sullage-water to depcwit ita silt and ^nd 
instead of depositing the same in “ 

considered that the amount of sand ^d ^it is about 50 to 
100 c.ft. per million gallons, and the sim of t^ g ^ 
chamber should bo made a<^rdingly giyiug a u 
hours detention, and built in duplicate. 

After continuous application of sewa^on or 

balUst (io fUt«re) the pores often get 
oxidation. This U caUod 

U to break up the surface of the laid and give it TOt for 
somo days; iS the case of baUast, it is aU washed up with 
fresh water and re-used. 

9. SUB SOIL DRAINAGE 
(Sub-soU Drainage has also been described under 

“Roads and Highways.”) m Murfaoe 

When the subsoU water is within 10 ft. 
of the ground it very often becomes essenti^ to dr^ 
out th^water for successful building 
sanitary reasons. Open jointed drams 
below ground level, which are of the size that wdl permit 
draining out all the water. Mi,. size is 2 inches. The 
S^ins L laid in the direction of the 

ensures the greatest velocity and capacity. High vol^itiw 
of water asSst in scouring out the drains and keeping 
them clean. It U very imporUnt that drains m sandy 
land should have velocities 8**^^ 

sand. The drains should bo laid as straight as practicable. 
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The depth and frequency of the drains that viU pro¬ 
cure most Eatiiifsetory resuUa. depends largely neon the 
Character of the foil, Thv more poions the soil the deepen 
the drains can be placed^ and deep draina are placed ftirther 

T 1 ^ gcnenillv suilahle for 

clay floila and 4 ft, for sandy eoOa, Distance apart m elav 

lofinia 30 ft. apart and m light foNs 40 ft. In sands a 
apacing of 2C0 ft. may be nacd. Clay is a soil nhich is very 
retentive of moislnre and one c.ft. of moiat dry clay will 
absorb a Lout one gallon of 'water* ^ 

. >>® 8™-!“* with 

' '" ®® “ *"'* ptoptrly <ii- 

Bofore the trench n filled the drains should be surround- 

ed by coa^ hay, twigs, small stones or pieces of brick ThLa 
provide for a fr^r entrance of water and helps to ex* 
elude fme sand from the drain. The trench is wider at 
the top, tapenng msido towards the bottom. Sub-soil 
dnuna can also be made by filling the trench with larffe 
fflte of atones at the bottom and Emallcr stnnea or brick* 
bats abov^. pving fuU gradient for the flow, thus doing 
away with pip© dreuTS. ® 

10* PREPAEATION OP DRAINAGE !5CHESfES 

seslt if OT*?*?'".” ™ should he diuwn to s 

•«le of 200 ft. to 1 inch or tmaller eecording to (he size 
of the proposed scheme. The imsBest eeule to whieh e 
f tech*’ * drainsge project can he drann is 330 ft”to 
1 inch. It IS generaiiy conreaient to split up the area 
into three or four ports or bloelte, or high level and low Wei 
Aonefl. The scale to be adopted for di-Auimtm uii u * ■l 
^ than 1/SOO for a group Sf bnildings 0^^1/192 nfl'’ft^ to 
1 in.) for a Single building' The bloTpW ffltoicato 

The whoi; of the rite Ste 
which the buildings are to he erected with cxislinc buSd? 

3 r? ?■ <“> levels and the 

lowest floor level in each separate buildine K.Vi -Thf 

«»e, invert levels and direction of flow of 'tbi exisH™ 
drains or aeweis into which drainage is to be taken 

Uveiung. For detailed leveling. reSg’oribe staff 
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alioutd be taken to Kundredth of a foot. Leyela should 
be Uhkeo at the following interval:^ 

(a) 20d fb. along the centres of all roadi and at Mum- 
mita and Joweet points. i(>&) lOQ ft. on tho of all 

pucca drains and 200 ft. for kachn drairiAT or of the pro¬ 
posed dminage Unt^. (c) At every 400 ft. (shauld the 
ground allow of it) readings should be taken at 20J ft. and 
400 ft. to the right and left of the line of section and at 
right angles to it. 

LovcLs should be observed of the following places and 
their po iltions srirvcyed : 

(a) if the ground level at the rood-side differs by 
more than 9" from the level of the centre of the mad, levels 
of the ground on both sides should bo taken, (fr) Floor 
of every culvert, width and height of the opening, the mad 
or formation level, etc. (cj Cross seebions of all drains, 
(d) Levels of plinths and courtyards of houses, AH 
flood Jovcis, if any. 

Contour linos should bo drawn on the general plan 
which should be not less than nor more than 3* apart, 
on a 330 feet to the inch. 

Longltiidina! sections should be drawn drain by drain 
and not road by road. The hdrlaontal scale should be 
the same to which general la^'out plan is drawn (or prefer 
109 ft. to 1 inch], and vertical scale 10 times tliat of the 
longitudirtal scale, except in a hilly country where a smaller 
scale may be necessary. 

Detailed drawings to a scale of not loss than { in. to 1 ft. 
should be provided for each type of manhole to be con¬ 
strue tod. ^uch drawings should Indicate the shape and 
arrangement of channels and benchings, spacing of step 
ima.9, type of cover^ etc. 

For a new scheme possible developments for the next 
30 years are nsnally taken and aisss of street sewers and 
disposal works dc igned accordingly. Rato of water 
^upply and its likely increase afiecting the size of tbe sewers 
and other building and pavement developments due to 
increase of population should be considered.. 

Wridng a Report for a Drainage Soheme 

{Also see Section 20 “Kstimating^') 


16/96 INDIAN FBACnCAL CIVIL ENODTEKRS’ HANDBOOK 

De*I with the following items :— 

1. Situation of the town ; its present population and 
the expected rise in the next 30 years. 

2. Present condition of existing drainage and its 
disposal. 

3. Position regarding water supply. 

4. Quantity of expected sewage or sullage and storm 
water; rainfall. 

5. General level conditions of the whole town and 
its effects on the design of sewers as regards self-cleansing 
velocities. Main and branch sewers. Disposal works and 
out-falls. Any pumping required; power for working pumps. 

6. Design of sewers; material for sewers. 

7. Annual maintenance and working expenses of the 
scheme. For Annual Mainttnanet 1 per cent is generally 
provided on the initial outlay. 

8. Depreciation of machinery and buildings. 

9. Revenue from effluent sold for irrigation. Savings 
of sweepers and disposal of town refuge of the existing 
arrangements. 

11. GLOSSARY OF DRAINAGE TERMS 

Aclxxxdtd Sludgt : Sludge settled out of sewage pre¬ 
viously treated in the presence of oxygen. 

Bajfks : Deflectors of wood, metal, or masonry placed 
in flowing liquid to divert, guide or guide and agitate the 
flow' of such liquid. 

Baffle Wall : See under Scum Board. 

Bam Setmge : Wash w'ater from stables containing 
considerable quantities of animal waste. 

Barrel . That portion of a pipe throughout which 
the diameter and wall thickness remain uniform. 

Bedding : A layer of concrete on the trench floor to 
provide simple support for the pipes. 

Benching : The sloped floor of a manhole on both 
sides of and above a channel, on which a man can stand 
for cleaning the sewers. 

B.O.D. : Biochemical Oxygen Demand—A test indi¬ 
cating the loss of oxygen in the process of decomposition 
of sewage. 

Broad Irrxgaiion ; The disposal of sewage by application 
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to farm land; benefit to crops growing there is only inci¬ 
dental. Differs from seicage farming in which the primary 
purpose is the disposal of scw'age and the raising of crops 
is only incidental. 

Centrifuge : A device in which sludge is dewatered by 
rapid rotation and automatically discharged. 

Cesspool : A pit with open joints towards the bottom 
in which the effluent from a septic tank or other house¬ 
hold liquid waste is discharged and from which the liquid 
leaches into the surrounding soil or is otherwise removed. 

The correct word for a pit doing the functions of a 
cesspool is “seepage pit" through which the effluent 
seeps into the surrounding soil, and into which the treated 
effluent is collected. A pit into which raw sewage is 
oollected (and which is used as a substitute for a septic 
tank) is really a cesspool. 

Clarification ; The process of removing suspended and 
colloidal matter from a (turbid) liquid or sewage. 

Clarified Sewage : Loosely used for sewage from which 
suspend^ matter has been partly or completely removed. 

Colloids : Finally divided suspended matter which 
will not settle and the apparently dissolved materia] which 
may be tranformed into suspended matter by contact 
with solid surface or precipitated by chemical treatment. 

Conservancy : The s^'stem of collecting night soil, in 
pots or pits for periodical removal outside the town area 
for burial. 

Crude Sewage : Sewage that has received no purifica¬ 
tion treatment. 

Deep Manhole : A manhole of such depth that an 
access shaft is required in addition to the working chamber. 

Diffuser : A porous plate or other device through 
which air is forced and enters the sewage in the form of 
minute bubbles. 

Dige^ion : The biochemical decomposition of organic 
matter in a sewage. 

D>tch : A trench dug out in the ground for the purpose of 
receiving and conducting drainage w’ater. 

Drop Connection : A branch drain of which the last 
length of piping of the incoming drain before connection 
to the sewer is vertical. 
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2Jmp JfftnftoEs : A manholi} inco parating a TerLic&l 
shaft nr pipe in which aiwage falk from a sjewcr at a 
higher level to a sewer at a lower level. 

Out^ of Rest fcemi : A bend supported in 

a vortical position by a foot formed at its base* 

Effimnl: Partly or completely tnentod so wage flowing 
-out of a sewage treatment tank or a plant. 

Free Water : The water that moves in a soil under 
the force of gravity without being retained by the soil. 

French Drain : A small shallow trench filled with coarse 
rubble, clinker or similar material. See under ‘'Roads” ) 

fJuWy or GuJfey : A receptacle of atone-w'aro, concrete, 
iron, or other material provided with a grid, placed 
at the side of a road (or a building) to receive drainage 
from a gutter or channel. 

The term is &lv> used for the erosion formed on road 
shoulders by rain water. 

Gutter : An open, drain corwtrticted along the sides 
of a oarriftgeway to carry away the water drained from 
the surface of the pavement, 

Haunchiny: Ckmercte bedding with additional con¬ 
crete at the sides of the pipe* 

Ilerrinif'tfone Drains : A system of interconnected 
drains laid out in zig zag pattern, commonly used for sub¬ 
soil drainage. 

Hydro-lso-balhs : Contours of similar depth of sub-soU 
water table below the ground surface. 

Jmhoff Tfinfc : Is a deep two-storied tank invented by 
Karl Imhoff in Germany as, an impnovemiint over the 
septic tank. An Imhoff tank Is similar to a septic tank 
except that the sedimentation and sludge digestion go on 
in different chambers. These tanks may be rectangular or 
circular in plati; usually circular tanks are made for amaU 
flow-s* The upper compartment is known as the 
Bcdimentation chamber and the lower one, sludge digeallon 
chamber* The aed.!mentation chamber is mode compara¬ 
tively sballow and its bottom or floor is given a. steep slope 
of bO to 60 degrees to tbs horizontal. The sewage enters 
the upper (sedimenUtion) chimber and the boIuIs settle 
down and slide d>wti the sloping walla (bottom or floor) into 
the lower chamber through the slots provided into the 
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bcrtt^ of the upper cKamber, The loiver chamber 
ireceiveH no fresh isewage dirwily and the ftlndge caMected 
mto it nndergocH digoftion and, deconipwutjon. The alota 
in the bottom of the upper chamber Are trapped to prevent 
escape of g^ecs given off by the Kludge in the process of 
decompoaition into the upper {^^xiimentatinn) ehamber. 
The Jower chamber is provided with gas vents for the escape 
of these ^ses, and with means for drawing out digested 
aludge near the bottom. 

Injiltratitm : The pereolation flow of Hubhsotl water 
into a drain, sewer, or a water-bearing stratum. 

/a/7iiea/ : Raw or partly treated sewage flowing into 
a sew'age treatment tazik or a plant. 

/stenseptor Manhole or f nlerrtptor Chamber : A manhole 
incorporating an interreptmg trap, and providing meana 
of am access thereto. 

tnteraptijuf Sewer or IrUerceptor : A sewer which re¬ 
ceives its flow' from a number of transveme aewers or outlets. 

Invert i The lowest point of the interior of a sever or 
drain at any cross-seetion- 

Invtried Syphon : A portion of a pipe in w'hich sewage 
nows under pnewure. due to the sewex dropping below tie 
hydnulic gradient and then ruing again. 

laohyet : Is a line on a minfiJl map showing places 
having the same average annual rain&Q, 

Kerb Inlei ; Aperture formed in a kerb to let in surface 
water from the pavement to a gtUly. 

loteml Sewer: la a street aewef into which sewage 
from hotise connection pours, ^ 

iMjtufoetion -1 The results of the aefion of bacteria for 
the decompDKitlon and purification of eewage or waate 
matter, 

Xighl-ooil : A mixture of faeces, urine and personal 
^deaniug mitcriolB. 

Oui.faU : Is an outlet of the main sewer or drain at 
the point of dlspoeal. 

Oz»da£io» : la the bieaking down of the oiguiic solids 
mto stable organic or mineral compounds through biologi¬ 
cal activities in the presence of oxygen. 

: The first stage of aew'age purification 
by the action of anaerobic bacteria. 
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Bodding^^ : An. aooe» openiQg having a reniOTable 
cover for the ofastmction to be tAtxnd by racaos of * drain 
rod. 

(Saddle ; A purpoac-made fitting, bo ^aped aa to fit 
over a hole cot in a aewer, to form branch coonoctions- 

Sdcni: A maaa of aewage sotida, both mitfecral and 
organic, which float at the mtrfaoc of sewage in a sewage 
treatment tank, 

^MW Board : Also scaTkd Baffle wall—la a thin par¬ 
tition wall built in a aewage treatment tank to prevent 
the Inooming sewage disturbing the scum. (See ondar 
^pUo Tknkft,) 

Seepage : PenxiUtion of water into or from the sou. 
(Seepage into a soil is termed Influent Seepage and that 
awav from a soil as EfOoent Seepage}. 

Seepage Pit ; See under “Geaapoor*. 

jSewKige: Combination of liquid wastes conducted 
awny from reaideaoaB, pnhtic buildingB or induslnel catab- 
liahinenta, with ground surface or storm water that may 
he connected w'ith the pipes or drains leading to tho sewera. 
Also called Domestic Sewage or Sanitary Sewage, (AIbo 

AM ^-Sullage*'). . * v* L 

SeMT* i Are undeiground pipea or conouits woicn 

carry the sewage to a point of discharge or disposaL 

ifosAoie: A manhole of snob depth that 
ccccsa can be obtained to ^ chamber direct from ground 
level, without the need of an acceas chamber. 

; The organic solid matter deposited at the 
bottom of a tank during treatment of the sewage, mixed 
with mort or leas water to form a semi-liquid mass. 

Sludge Digedim : The biochemical process by which 
organic matter in slodgei La converted into more stablo 
organic matter. 

Soatavay ; A pit, dug m permeahte ground to which 
the Burlaoc water is led, and from which it may soak away 
through the ground. 

Sof^ or Croton : The internal surfaae of a pipe at the 
upper end of a vertical diaineter. 

Soil Sevagt : The aewage from water-closeta. alop 
rinkj and urinals , and a mLrtnre of this sewage with any 
other drainage or waste water. 
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: WaitM vat« Utb-nonu, i»v»torv 

bauM lutthem. enks. street and loof waabings. etc. ^ 

.urfere rlalf' «•* 

£ainp (or IVei ITefi): The uadeignnmd portian of a 

irom Tf^hich it u djAwu by the pumpe 

■ 1 of natuiij water from the 

gro^ surface, including paved arcaa, roofs and unpaved 

name given to the irrigation 
vlw eff^ent by mcft^ of pipes laid at Bhallo^eptha 
heiov the surface of the land. ^ 

TruTtk Seutr : Is the main sewer into which ell the 

disj^ •* 

Sytt^ : Removal of i»ew^ by a net- 
iia^er^uiul pipe line or sewers. Another name 
lor ^wage System not very commonly ueed now 

separatior^ between 
adjacent catchment areas or drainage baains ffil Th* 
l>y a stream or stream ^^tem. ^ 
in surface of kjimj of satmalion 

wSoT“'”* 0^ 

^ long^tadinai member rapporUng the 
Sheeting m an excavation. 

^ osfe ■ Same as Sullage^ 


Flow In Callooo p«r minute 
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]. GLOSSARY OF IKRIGATIOEf TERMS 
{Bued getier&llj on the Oenitra.1 Bo&td of Irrigation A 
Power, India.) 

J/aiA Channrl or Canal'—This tatcea Its supply directly 
from the Head-works on a river, A main canal generally 
does not do direct irrigation through it except to Uolated 
patches Lnaccea^ible to other channels. The capadtj of 
canals in India varies Irom the 10,000 to 15,000-cujec nirin 
canals down to iDO-cusec branches and lateral^ 

Branch Canal or a ^rancA—Taking off from a main or 
another branch and having a head capacity of not less 
than 300 c^seca. There h* no direct irrigation through it. 

Major i>istriA«tajrjf—{Oommoidy known as a Distrihu- 
tary^J. A channel taking its supply from a main line or brsji- 
ch for dtstributing water to minors and outleta. Under 
300 and above ^ cuseca ilischaige^ 

(All channehi with discharges leas than 350 cusecs 
have been classified aa dbtributaries in the Bhakra canal 
syatem.) 

Minor Di^nbntary —A channel talcing its supply from 
a major distributary for supplying water to outiEets. 25 
CTisecs and under discharge, 

A Lateral —Marne for a dLstributary in U.S.A. 

A 3f inor —Is a small channel taken from a diatributarv' 
where the water coureea carrying water to the fields hare 
to run longer than two miles. 

Water^Coureesor Irrigi^ion oad Field Channels 

—Watcf-coureea do not carry water at the head more than 
3 nr 4 cuseca and field channels generally cany less than one 
cnsec. They receive w'ater through outlets fixed in the banks 
of distributaries or minors for suppljdng to the fields. Wafer 
courses are ownc<i and maintained by tbe cultivators. 

Fredcr—A channel of short length constructed primarily 
to convey water from one source of supply or system 
to another,, or within the aame system, when tho off-toking 
channels are already in cxistenoe and have to be grouped 
together (on the fr^er). 
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Pertnnial {Janat —A c^iannel which ta designed to iiTt- 
gate all the year round. LrigatiGn is said to be perenidat 
when a'ater is applied at a fairly equitable rate daring the 
whole scawn of the cmpe. 

Non-pfrtmitie^ CtiJial —A chamiel which is desgned to 
irrig&te during only part of the year» usually in the Hum- 
mer season and at the beginning and end of the vinUir 
aeason^ 

(whai-fed Carud—Js a canal frona a storage which 
deriTcs its supply from monsoon rains in the "ghatB*\ 

Tani-fed Canal —Which derives (unreliable) supply 
from a storage fed from "non-Khat” catchments, 

InsTidation Cancda —Cbanrtcls e^ceavatod (during old 
times) dipectly from rivers, with or without Bcwne form of 
head regulator, not essentiaUy base 1 on modem scieati* 
fio principles, and dependent upon the surface level of 
the water in the river for their supply. They umally 
flow only during the summer months and bring in large 
quantities of silt beneficial to crops. 

Dikh Channel —A channel confttructed by the (ide of 
and generaily parallel to the parent cliannel, vaualty 
with different bed slope. A clear space of 3D ft, for 
sub'branch and 60 ft. for oiaLu branch should bo left 
between the two channels. *111630 widths may be varied 

d: I'O ft. to aUow min. shift in the alignment of the 
ditch channel. 

jBhfance or Solanciii^ Tanlr^ls a subsidiary reservoir 
for storing excess water which is utUixed during periods 
of short supply. 

Tail Tank —Is a reservoir supplied with water from 
a canal whenever in excess of canal requiremente, having 
its own command and usually situated near the tail of a 
canal. 

Didribidion System or IHainhviwon Works — Water from 
a river or reservoir <5anied through canals, distributari^ 
or niinorSv etc. on to the fields for irrigation. 

Ltjl Irrigalion .—Water raJaed by fnimps or other 
hftmg devices to an area or some point in the supply system 
of which the level is too high for irrigation by flow* 

Baria/rriflo/ibw—A method of irrigating by which esdi 
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tree is surrounded by a border to form a pool when water 
is applied. A method of irrigation by which land surround¬ 
ed by natural or artificial banks is flooded, and when the 
water dries up crops are sown. 

Broad Irrigation —Irrigation aith sea'age from a town 
(instead of with natural water), in which the disposal of 
the sewage is the primary object. 

Irrigating Head —The floa* iised for irrigation of a 
particular tract of land. 

Silt —Water-borne sediment consisting of fine earth, 
sand or mud. including both suspended and bed load, 
carried in natural river waters. A general term meaning 
sediment of any grade in a river or canal. Silt is sometimes 
defined as a substance that will fall in still water through 
a distance of 10 cm. in period of not less than 8 hours. 
(See under “Soil Mechanics.”) 

SiU-grade —Average diameter of the silt particles. 

Load —It is the weight of silt in movement in a channel 
and is usually express^ as lbs. per second. 

SiU-ckargi .—Proportion of silt per unit volume by 
weight in water. 

Steady Flow —Is that state of flow in a stream where 
the discharge remains constant across any defined section, 
at all times. 

Regime or Regimen Flow —Is that state of stream flowing 
is self borne alluvium when its slope and shape have reach¬ 
ed a stable form as the result of its flow characteristics and 
there is neither silt nor scour. 

Critical Flow —The flow is said to be critical when 
for a certain discharge the total energy of flow i.e., the 
sum of the potential, kinetic, and pressure energies is a 
minimum for the discharge passing. It varies with the dis¬ 
charge passing. 

Sub<ritical Flow —Flow at velocities less than of the 
recognized ciritical values. 

Super-critical Flow —Flow at velocities greater than one 
of the recognized critical values and also termed Hyper¬ 
critical Flow, 

Uniform Flow —Is steady flow in a stream when the 
depth does not vary with constant discharge. 
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FUno —When depth varies in steady flow 
in A atream with oonatant discharge, ^ow of which the 
velocity is undergoing a pqaitive or negative acceleration^ 

Critical Vdodly —Critical velocity for a channel ia that 
mean velocity which for a channel of a given depth will 
just keep the channel all the year round free from either 
lilting or Bcouring ita bed, when the water la running 
fully charged with eilt np to the standard usually found in 
rivers. In open flumes oritical velocity oociura when the 
energy of flow is minimum. 

ffyper-crificol Felocity—A velocity in excess of the 
critical velocity, 

Sub-cHikat Vdodiif —A velocity leas than the critical 
velocity* 

bounding—Measuring water depth of a river or a 
channel (with a rod or a string and weightj. 

CtUv^ Ihpth —The depth of water in a ehannel 
oorresponding to (one of the recognized) critical velo¬ 
cities. 

Drijl —The distance in feet a boat (used for measur¬ 
ing disoharga]i travels downstream with the current (whe¬ 
ther anchor^ or not) during the time taken to toak^ t 
velocity observation. 

RipplM ^i) Surface ripples are small undulations 
caused by nnevenna^s in the bed- (li) Sand ripples 
result from the movement of bed sand not being uniform. 

R«ach —-A comparatively short length of a stream or 
channel. 

CoTJtmand —The height of an outlet eite of the water 
level in a channel above the general level of the land in 
the area to be irrigated by th^t outlet. 

Area Asaeaaed —TTie area irrigated on which watec 
rales are levied. 

Gross ComTitand —la the total area included within the 
irrigation boundary of a project or a channel including 
the farthest limits up to which the canal water is supposed 
to be supplied. It usually includes the roads and paths 
or the vdlage itaelf, 

Orma Commanded Ana-—1 a the total area which can be 
irrigated by a certalo channel. Groea. Commanded Area 
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□ontix>ned bj fL wAter coiub^ jh caJl«d the tfuUti wa or tb^ 
cKak otiilet. 

Actual Command —Ift thfi Am on which water will flow 
from a complete canal ejatem as csonstructed or likely to 
be constracted^ 

CuIiurabU or CuUivabli Commajtded the portion 

of Agrees eornmandod area^ which La eoltiTatedt or onltnr* 
able, (Oroas commanded area minos the area of unenb 
tivable land soch aa, roads and paths of a idUagen) 

Ayacut va a Tamil name for cmlturable area. 

CuiturabU IrrigobU Area — The groee urigable area lesa 
the area not available for cultivation. 

Irrtgahle Area — Area withiiv the coiumand which can 
be irrigated (both flow and by lift). 

liUensUy of /mja/ttwi—The ratio of the actually irrigated 
area during a year or dming a crop to the culturable Inigv 
ble area. (C^idain percentage of the cultivable area is 
generally left fallow every year and not irrigated.) 

i4nnuiii Iniertmiy —la the percentage of the culturable 
irrigable (commanded) area irrigated during tbo yeai 
to the total C-C-A. on an outlet or a channeL 

Kharif : .Roht Ratio — The ratio between the antioii 
pated ateaa to be irrigated of these two crops. The usual 
ratio is 1 : 2, Le.^ r&bi area is double the kharif aiua. 

Crop /aten^^—Percjentage of the area irrigated to the 
irrigable command. 

Crop Ratio —The ratio of an^ under different cropa of 
a particular ebaaneb Oop ratio is fLxed in order to make 
tha discharge of the canal uniform. 

Dry Crop — A crop which b robed entirely with the 
help of rain-fall^ 

L<mg Crop — The term b used gcocrally to denote a 
QTop that t^ea more than four montha to mature. As 
a rebtive term, it denotes the longer of the two crops on 
a double'Cropped Land, the other crop being called “tKort 
crop'*. 

Rotation (Rotatlona] Working or Roster) — When the 
demand exceeds thne avaUable supply ncourw b had to the 
system known aa Rotational Working. This aystem is 
applied to channels or to groups of outlets. Each ohniinei 
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or group of oatleto takes a turti of fall supply for a certain 
number of days, the others being closed to admit of this. 
The unit peri^ for which the channels or outlets run, or 
are closed is known as a Rotational Turn. 

DtUa —Is the total volume of water delivered to a 
crop (at the field or at the outlet or at the head of a canal), 
divided by the area on which it has been spread. In 
other words, it is the total depth of water required by a 
crop during the entire period the crop is on the field. 

Base—Is the period (in days) for which water is supplied 
to the crops, and on which duty is calculated. 

Dyiy —Is the relation between the area irrigated and 
the quantity of water used 

(These terms have been explained in detail later) 

Caj)aaiy-Factor—U the ratio of mean supply of the 
canal to its authorized full supply or capacity. 

¥vU Bwpp/y Co-effident—T^fi number of acres irrigable 
per cuaec of capacity of a channel at its head ; or, the 
area estimated to be irrigated during the base period 
divided by the designed full supply discharge of the 
channel at its head. 

Ealfi Capacity. Factor—U the ratio of mean supply of 
rabi season to ’capacity’. 

The controlling factor in the design of a channel is 
the rabi “full supply co-efficient’’. 

Cusee Day or Day Cusec—lM one cusec flowing for a day 
of 24 hours—the quantity of water equal to 88,400 c. ft 
A cusec-day on one acre is roughly 2 ft. (1.98 exact) depth 
of water for the day. 

Open DiscMarge—la the total of the daily discharges 
in cusecs divided by the number of days the ig 

allowed water for irrigation. 

Time. Factor—Of a channel is the ratio of the number 
of da:^ the channel is in flow to the days of crop period, 
or irrigation period. The value of the time factor is 
generally from 0.5 to 0.7. 

•derv .foot—A unit of volume used in irrigation practice 
It means the volume of water required to cover an area of 
1 acre to a depth of 1ft. It b 43.560 o.ft. 
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Aere-inek —l/12th of an acre foot, defined above (and 
is almoet equal to one ouaec hour). 

Capacity Co-effidtnt —la the number of acres irrigated 
in one day per cueec of supply. 

Capacity —^The authorized or designed full supply 
discharge of a channel. 

One cusec running continuously for 24 hours will give 
a volume of 86,400 c. ft. of water, or 540,000 gallons. 

Or, a cusec a diays 1.983 acre-feet. 

A million c.ft. =^.96 acre ft. or 23 acre ft. (approx). 

11.674 cusec-daysssl million c.ft. 

One inch of run-off per hour = 1 ctisec per acre 

b; 3630 c.ft. =645 cusecs per sq. mile. 

1 cusec i»r sq. mile=13.56 inches yearly run-off. 

In America, one eJt. per second is sometimes called 
“second foot.” 

FvU Supply Factor —The area proposed to be irrigated 
in a project during the base period divided by the autho¬ 
rized full supply disdiarge of the channel at head. 

Fating —(•) The relation. iisuaUy determined experi¬ 
mentally, b^ween two mutually dependent quantities, 
sudi as gauge and discharge of a stream; (ii) Current- 
meter vane revolutions, aj^ water velocity, etc.; (iiij 
Calibration of the meter. 

Head-vxUcr —(•) The water upstream from a stucture; 
(m) The source of a stream. ' 

Working Head AwUUMe —The muiimum difference 
between supply and delivery water levels available. 

Outlet DiacKar^ Factor —The ‘Duty of Water’ with 
reference to a suitable * base ’ and the ‘place* of its n m - 
surement as decided upon. 

Drowning Eatio —^The ratio of the tail water elevation 
to the head water elevation, when both are higher than 
the crest, the overflow crest of the structure being the 
datum of reference. 

Standing Wave —A sudden rise in the water surface 
formed when a rapidly moving stream of water strikes 
a slowly moving w^ of water downstream, this is accom¬ 
panied by white foamy splash of water in the region of 
impact. A standing wave persistefitly forms at the same 
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place. Thia condition occurs downatream of irrigatiaji 
fuTlg when there ia insuffident depth available downstreajn 
to form a hydraulic jump. Standing waves can be noticed 
nther above or at the foot of a wcir, or on the do^mstroam 
aide of bridges diaoharging in flood. There is no impact 
and no energy loaa in the formation of standing ^^'^Lves. 

HydranHe Jump —Is the hydraulic phenomenon^ which 
is a distinot jump of water with a sudden and usually 
turbnlent passage, produced when a shallow stream of 
water moving with a high, velocity strikes a more slowly 
moving wall of water of sufficient depth. This phenomenon 
la quite diatinefc from the formation of the “Standing Wave". 
In the Ponjab Irrigation practice no distinction is made 
between the hydraulic jump and the standing wave; the 
term stBnding wave is applied to both^ 

Back-Water Carte—A form of the aurface darve of a 
stream of water which is Concave upward. It U caused 
by an obetmetiDn in the channei such as a weir or a 
regulator. 

HifdratUic la a local phenomenon like the 

standing wave formed A-^ a result of a drop in bed levels 
a steepening of bod gradiontt or a sudden i^ening of the 
section, leading to an abrupt lowering of water surface. 
It ia distinguished from the gradually varied flows aa occur 
when so provided for flunung. When the depreesion 
of the bed is alight no hydraulic drop In the sense deaciibed 
above ooeura though some depression, of anrface on the 
upatresm takes place. In the hydraulic drop continuity 
of surface is maintained while in the hydraulic jump it is 
brok^. Hydraulic drof is the reverse of the standing 
wave. In the former the flow changes from the aubori* 
tical to the hypercritical (velardtifis} while in the latter the 
oonditioiu are rerersed. 

CrtMS Drairut^ Worht —^When irrigation cHannela have 
to ctoaa etreama or drains in an uneven ooimtty, the works 
neoHBsaij to diapooe of these drains are colled cross drainage 
works. 

Superpa»Mge—A work which carries one channel over 
saothcr withont lowering the bed fevd of the lower chaonet. 

Sipkai or Sypfixm^A dosed oonduh (pipe or tnbe) 
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for eonvejfing water cKver an obfltscJe shaped like &u in- 
Tcrlod V by rai^ing^ it above ita original surface level ao that 
a of it Hues above the hydraulic grade line, and de- 
Uvenng it at a iawer leveb It utilizes atmo^phenc pres- 
^re tn offert or ei^ntroL the flow of water through it^ |An 
inverlod siphon has none of the properti^ of a siphon-the 
term is a ini^nameT)^ 

Inverted When the central portion of a dosed 

conduit or pipe is deproesed Iwlow the entrance and outlet 
levels for conveying water ujider an obstacle, auch as a 
river, canal, road or railway, tho staucturc is termed an 
inverted siphon. Sometimes incorrectly termed as siphon. 
Know as "sag pifw” in America. 

A Siphon Aqmdud —IVhcro the w'atcr level in the 
drainage or the stream is about at the same level as that of 
the cajiaJ or above the canal, and the stream is passed 
below' the canal by low'ertng its natural bed level while 
passing under the canal and raising it again on the down¬ 
stream side. A aiphoned stream or dc^nage is liable 
to be filled up with debris and thus exert heavy upward 
pressure on the covering of the aiphon-vent or the bottom 
of the canal, t^peeially when there is no water in the canals 
To guard against thi^, the bed of a drainage channel is 
drop|)ed at the entr^' but is not raised a^in at the exit 
and Ls continued at the depressed bed level. This is termed 
an Aqueduct and Fall combined". The working of a 
siphoned structure is more difficult in alluvial solU be¬ 
cause of the large quantities of silt coming in. 

ChttU —(L) A high velocity conduit for oonveying water 
to A lower level; {ii) An Lndii^ drop or fall. 

^eodworl:*—The works oonatructod at the off-take of 
e main canal from the river; includea the weir on the river, 
the dam at the storage site, etc. 

Uiod Ee^idator or Head —Thu term is usually applied 
to the control works csonstructed at the off-take of a channel 
auljaidiary to a main canal. Piers with grooves are pro¬ 
vided for the use of ahuttoia to regulate the water flow for 
distribution. 

Divertion Worts —An obetruction thrown in the bed 
of a stream with a view to divert water into en off-taking 
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The divernioa works are divided loto two 
principal daases—(tempt>™ry) Spurn and (permaneat) 

faU of level in the ground along th* 
of a ipined by an inclin^ bed » called a 

Instead of fella or dropn in the bedof a chftonelj rapids 

nfovided to get the neoeasaiy change of level where 
a sn^n drtJp ^ fMTMticsblft. Water down * 

Steen inclino oa which energy ia dimpated by friction, impMt 
atonee, and sinaU natoral standing irav« 
MeveimeaaeH. Bapids are generally made of atoiM bonlden 
and orotoo^ for iome distance upstream and downsti™ 
Mid the bed widened to dccresae the velocity. The *lop* 
of a rapid should be reduced as it deecenda w m to gradually 
aaaimilato with the bed of the canal. 

XJron_ A structure for dropping the flow in a DOinduit to 

a lower level for dissipating ita surplua eoergy. A 

drop may bo vertical or incUned. 

V<3tejCFufl—A fell the crest of which is usnallj at or 

the bed !«"*. g«“™«y * gW*- 

ifeffttiah'jiffxVpteA-A tiapezoidal notch built on a flooc 
Mtoea the channel to regulate the supply where chsn^ 
in the depth of the channel is made without any drop m 
the bed fevel. This type of a notch is not fitted with 
pianifft or ebuttore- 

lyor—Weir is a general term for a contmuous solid 
biiTtffl fwaB of stono or maflonry) buflt aooee a river or chan¬ 
nel over which water may flow and which raiw the 
water Borfeoe level upetream in order to supply acsnal tak- 
inir off above it and to paae over its top the exceH water, 
? 5 ^ter level in a mart be at a eertain level to command 
the land under irrigation by gravitation, but the water in 
the river is notgeneally available at that k-vd. and eepecial- 
1 ye*r round, therefore, the river water is tapped 

it a coaaidfireble distance higher up ^o area under com- 
toMid and a weir is ako constructed to rmsa the water 
level in the river to the height required by the canal. A 
wnr eW sarvea to store water to some extent for tiding 
over small perioda of short Buppiiw. &lt movemont is 
•Jbo oontroued through a weir although it encourages 
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wltiiig on the npatreain side. In Madras an "escane” 
IS cftUed a weir. Anicni in Tamil name 

weir. Weira cm ImpcrTiieahlo roundatioDB, n>ck or 
hard clay, are usnally made of concrete or maaojirv. Thew 
ail] s^d a depth of water flowing over e<jual to the^ 
“Jichored by groutmg alee! bars into 

Submergtd Weir—A weir which in nac haa the teii-water 
the wdr crest, by which the diseharge ir 

IntaJce Winror Zhieraion Dam—A barrier built for the 
purp^ of diverting part or all the water from a stream mto 
a different courtse. The weir raises the level of the wate? 
upstream. 

Weir—A weir conatnicted acroas a river at the 
he^wwlcB of a canal to raise the level of water BufficientJv 
high for It to flow mto the channel. This term ia irancral 
ly applied to a weir aeroen a river on which there is a storm!^ 
reservoir or a dam. A pick-up weir eervea the aame purr^ 
ss an mtahe weir but is constructed as ao adjnnet tea 

iTOinip 

™ ^ submerBsl 

and in which the tad water stays below the cn«t 
ifi also called Free Oper/aH. ' 

facapea—Weira (with or without sluices) thjoturh whit-h 
Bui^ua or eicesa water is removed ftom a canaCreaenJiS 
or stream into an escape chajineL They may be hiriU 
as separate atructarea or combined with outlets and lora^ 
near aqu^ucte or drainage croeamgp. They are also OHeH 
for flushing the canals to remove bed silt. 

E^pes are made in the head reach of main can-r j 
Me different from silt ejectera. 

Regulakfr-^A structure through which the dischar™ 

be regulated or varied as required ; also apphedte 
a atrncti^ I^vided with mechanism for varying the 
water surface level above it. (See also Barrage). 

CoidracfcJ JTeir—A meaanridg notch with ^eil deaiBW 
“ ewitraddoa in the area of the overf^S^ 

Parabolic Weir —meflauring weir whose notch ^ 
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boonded on Uks »dw hy punbolu mch that t)w flow f* 
tffoportiotial to the head. 

PTcir—A weir whow length u the m 

the water snr^ee width of the chaonel lapstiwm of it, end 
sides are fhiah with the channel end whose base is at the 
same lerel u the bed of the channel upstream of it^ thus 
ehminatnig ( suj^e a m ng) end contractions of the over¬ 
flowing water* A weir may be snppreased on one end or 

both ends. i r 

WoOt Ifeir (or Sptlittny)—la an escape provided for 
the posange of awtplnB water from a tank or a reservoir. 

The top of a weir, dam, dike or epiUway^ 
f[«quentty restricted to the overflow portion, (ii) The 
Bommit of a wave, peak of a flood. 

gtada _The sloping fkjot below and in continuation, of 

the raised crest of a weir. Slopes betw'een 1 : 3 to 1:5 for 
both the Qf^treain and the downstream glacis ere oommonlv 
used to give the maximum co-efficient of diAv'bacge, The 
,icnmfftreara gUds should be flatter than the upetneam 
exoept when there is oonsiderable heavy material rolling 
over the crest when a flatter upstream slopa would 
bo providod. 

^rv^iem fihxik*—ObstraetLona placed on the downstteam 
floor of a weir or a fall to disdpate the velocity of the flow¬ 
ing water and maintain the standing wave on the glacis. 

Control Point^A fall, so designed that the water 
^rfaoe level above it bears a fIjted relatioa to the dischazge 
p aying The level k omtally fpwd with reference to the 
JytSoriied ftdl supply dkeh^* 

Barrows—A structure provided with a Knee of gatca, 
tmded acmes a river to regoiale the water mirlace level 
flow upstream^ extending right actosa a river wifth the 
crest of th* uniform level. (It k a gate con- 

trolled low weir*) A bamgei k dktingmshed from a weir 
in that it k gat^ over the entire width and may or may 
not have a raised bOI. The entire ponding up of the awter 
k efTected by the gates (and not the soliid masonry weir) 
which are operated from a regulating bridge or pjatfonn 
above the high flood level. A barrage k BometiiDea caUed 
a Jieffnlator or a IXcerHrioa IkitH. The ogat of a barrage 
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is mnch mon tlk&D tK«t of a vcir. 

Apron —A floor or lining of concrete, stoae, hlbboqij 
otc.j to protect a gndaco from etcsiaa or. to withEtaod 
faydroatatk pnwune, j^pKKU a» pnyriiled on tbo up. 
stream side of crest walla, below chutes or spillirays, at the 
toes of dams, at the entranoe or outlet of a cutrert or water¬ 
way, etc., to prevent scour. 

SpiUuxt ^—A passage for the flow of anrploa or waste 
water in a weir or conduit. 

Siphon Sp^iwa^ —Is a dischargiug device on the (dphon 
princtpka for diachargiag surpltta water over dams, ar>d a 
automatic in action. It is sometimes adopted in place of 
the ordioary overfaU weir in water-supply storage dams for 
overflDw of flood water. Siphon sp^way consists of 
a number of masonry siphon unite placed aide by side in 
the body of a storage dam. FuHhead between the reservoir 
level and the level of tail water is utihied. Mueh higher 
diechaige can be passed through the same waterway and 
the length of the waate weir can therefore be oonsiderab^ 
reduced. 

Siphon sptllwaya reduoe flood lift adding to theeapadiy 
of the reservoir and are flood proof. As the inlet level 
is below the top of the dam they do not discharge debris, 
but scoDT silt from the bed of the dam. There are two 
types of siphons. Hood nphoBS ami Volute Siphons, 

^tuire—(t) An outlet for the water from a canal to the 
fklds * (tt) A eondoit for carrying water at high veloctty; 
{in) An opening in a atruotore ^ paning debris; (i«) 
To cause water to flow at high velodtiefl mr wastage for 
ptirpoaes of ucavatkn, ejecting debris, etc. 

waD built acroes a small channel and 
provided with a regulating arrengemeot to bead up water 
on the upstream side. 

flank WaU —The retaining wall in oontmuatlm] of 
^butmenta both npetream a^ downstream. 

Brtagt WaU or Face ITnO—When applied to iirigatibn 
practice, a wait immediately above the fa« of a Bubmerffed 
orifire 

TTone—Walls provided to prevent leakage 
at the jnneUon of earthwork and masanry aalls (say wing 
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walla). When water passing through comparatively 
permeable earthwork meeto practically imperm^ble 
maaonry it haa a tendency to creep along the face of the 
Utter in order to gain an exit, SUunching walls are 
constructed to increase the length to be traversed by 
creeping water and consequently reaiaUnce to iU flow. 
A staunching wall haa almost the same function as a cur¬ 
tain wall. It U a wall constructed behind the abutment. 

Toe WalU —Longitudinal shallow retaining walla bi^t 
near ground level (at the foot of the slope) for supporting 
the iMtching on the face of earthem embankments or flared 
walla. 

Talus _A protection at the dowmatream end of a weir 

or fall, consisting of blocks of concrete or masonry. 

Curtain Wails —Ooes walls (provided across the stream) 
built under the floor of a hy^ulio structure (auch as a 
culvert) at the upstream and dowmstream ends of the pave¬ 
ment to avoid scour and protect floors, abutments and 
wing walls, etc., and is carried up to scour depth, 

flared Wall —la a sort of retaining wall wdth its profile 
gradually from one slope to another, usually 

from vertical to 1 :1 or 1:1 as required. The flared walls 
may be straight or curved. 

Baffles —A cross-wall or a set of vanes or some other 
device placed in a channel dowmstream of a hydrauho 
structure to effect a uniform distribution of velodtiea 
across the section, and to dissipate energy. 

Flash Board —A plank or slab (usually of timbexj 
bdd horixontally by end girders or other supports, in 
vertical slots, on the crest of a weir dam, spillway, regvJator 
or any check structure to head up water or control water 
level ; a stop plank. 

Free-board—The maipix between a canal bank or the 
crest of a dam and the full su]^y level. (Also see under 
“Bridges”). 

So ^—^The removal of material from the bed of a 
channel by flowing water. 

StdimeiU or DHtUus —Non-floating fragmental material 
transported by, suspended in or deposited by wrater. (ISassi- 
fication of sedments is given under “Silt Flow in Channels”. 
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Slit Reguiator —A regulator provided with under sluices 
for the escape or wrash-out of the heavily sand laden bottom 
water of a channeL 

Silt Excluder —silt regulator located at the head ol 
a channel. 

Silt Eitractor or Ejector —A silt regulator located ot a 
channel other than at the head. 

Also see under “Escapes”. Such devices are generally 
provided a little below the head r^^ulator. A velocity 
of about 15 to 20 ft. per second is required to dis¬ 
lodge silt. 

Silt Vanes —^Vertical vanes arranged in the bed of a 
channel with the object of diverting the heavily sand laden 
bottom water in cuder to control the sand entering an off¬ 
take. 

Eace —The channel that leans water to or from a water 
wheel (water-power plant); the former is called “head¬ 
race”, and the latter “tail-race”. 

Tail-Eaee—{i) The channel between the silt extractor 
and the river through which the escapage water is 
charged. The gradient of the tail race should be steeper 
than that of the canal, (ii) A channel conducting water 
away from a water-wheel. 

Head-Race —A channel leading water to a water-wheel. 

Fore-bay —A reservoir or pond at the head of a pen¬ 
stock or pipe line. 

AJler-bay —^The tail race of a water-power plant; 
a po^ or reservoir at the outlet of the turbines. 

Tail —^This term is usually applied (prefix) to the works 
built at the finishing end of a channel for the diatributioo 
of its water thereat, eg.^ tail cluster, tail regulator, etc. 

Tail Water —^The water just downstream of a structure. 

Time-Lag or lag —The difference in time between the 
oceorrenoe of any alteration in discharge, level, pressure, 
etc., on any point on a stream or a structure and its occur- 
ronoe taken to reflect at another point. 

Bifurcation Gate —A structure that divides the flow 
between two conduits or channels. 

Float Gauge —A chain or tape gauge in which a float 
is substituted for the weight. 
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Floai GcHUTinfif—Meaaurement of the diachuge of water 
hr ftoaia to determine vekwities. 

Float -B«n—The fixed distance over which a jnutece 

float is tuned. . ^ /■ j 

0^—The overiaU of a epiUway m the shape of & dcmble 
or S curve, which » convex at the top and concave at the 
bottom. An ogee shape eerves the purpose of a sJoping 
apron which ensures the formation of a standing Trtve for 
varTing discharges and the residual velodty obtai2»d on 
the downstream ^e is leas than that on the verticsJ face 
type and as such are best euited for high fallB. 

Fish Ladder or Fishway—I a a device provided near 
weira or dams to facilitate the migration of fish upstream 
or downstream around the wdrs. It usually oonsiflte of an 
indlned chute from dam to the downetresan river bed and 
is divided into compartments by cross walls. Each 
crom wall has a small bole at its bottom and in one comer 
for the fish to pass through, the holee in adjacent cross 
walls are staggered to reduce the velocity of water passing 
through the chute. The differenw of water Leve^ be¬ 
tween upstream end dowmstream sides is thos divided 
ioto water atepe by these cross walls. 

Fender Files —Wooden or E.C.C. piles fixed 8 to 10 ft. 
centre to centre, at surpLus sluices of offtakes for the canal 
to facilitate the movement of boats. 

Fenstock —(») A closed conduit or pipe for supplying 
water under pressure to a turbine (for producing electricity], 
(ti) A sluice or flood gate for restricting or regulating 
the flow from a head of water. 

Riprap —Broken atouee (usually without dresaing] placed 
on earth aurfaces for their protection against the action of 
wwter or weather. (This is aometimee known as “pitching '‘] 
Also applied to brush or pole mattressee, or brush and 
stone, ox other similar mat^ials under protectioa. 

JtUy —A dike of piles, rock, or other material, extend* 
ing into a stream or sea to induce scouring or bank budd¬ 
ing or for protection. 

Hydrav^Fitt Dam —A dam composed of earth, sand, 
gravel, etc. Generally the fine materials are placed to^ 
mds the centre for greater impervioasneea. 
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Oreuntff Dam —A dam depending solely on ito weight to 
refliat the water presBure^ It may be straight oif slightly 
curved in plan. 

Crib Dim —A barrier made of timber, built in oompart- 
menta or bays which are filled with atone or other euitable 
material. 

CiU-cff Trmch or Kttf TremA —An excavation in the 
haw of a dam or other atnicture filled with relatively 
impervious material to reduce percolation. 

PaddU —A mixture of clay sand and gravel or clay aod 
moonun, in the proportions of 2:1, (or only clay) well 
kneadnd with water, which is placed in Btructurefl to form 
a compact moBs to rednee percolation of water. 

Png —To pack with day or similar material generally 
for the purpose of checking leakage or to render the surface 

water-tight. 

Cort WaU or DiapJvragrA Wall—A wall of maaonryj 
sheet piling or puddled clay built isaide a d«.Tn or embank¬ 
ment to reduce percolatioo. 

^ Bdl Bund^ —Gnide banku for traming a river at tho 
ate of a bridge or weir; named after Mr» J.IL Bell who 
design^ and introduced them first. 

GnttU Bank — A protective and training bank oonstmeted 
at the site of a bridge or weir to guide the river through 
the waterway provided in the structure. 

Spoil Bank —Where the excavated earth from a canal 
is more than the bank work, this extra earth is dumped in 
the form of another bank parallel to the canal bank and 
^J**tally of the same height. 

Berm —(t) The «P»ce left between the upper edge of a 
cut and the too of an embankment; (u) A horizontal 
*^p or shelf built into an embankment to break the con¬ 
tinuity of an otherwise long slope; (lii) The portion of 
a baikk with horixoDtai top at a lower level thw the top 
of the main bank. An addition to a bank at a lower level. 

Bermiag —The deposition of material on the aide of ■ 
channel forming a benn. 

Loop~Bund —Is a subsidiary bund placed some distance 
behind the main bund where the main bur i ia threatened 
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by eroaion of the river bank. It forms a second line of 
defence. 

Marginai j^iind—An embankment ronatrueted along 
the river at a short distance from the margin with the object 
of preventing inundation of the area behind the embank- 
ment. 

Spur or —^pum are made to train the flow and 

redoco the velocity in a channel and cause editing. They 
ere generaUy eonatructed of brushwood or wooden piles 
driven into the bed or berms. 

BandaUiTtff —A temporary spur composed of stakes 
(bamboos) driven into the of a river about 3 ft. apart 
along a line inclined at an angle to the current of the river ; 
one or two (occsakmaUy more in deep water) rows of mate 
are fastened to the face of the atakea extending from the 
surface of the water to 6 ma. above the bed of the river. 
Its object is to induce scour under the mats, ao that the 
Band scoured out will depoeit in a bar parallel to and behind 
the bandnl. 

i>yte—la an earthem embankment built on each aide of a 
river some distance away from ita banka, to control floods. 
They are more or leas like earthen embanlnneDt, kept 
about 4 to 5 ft. above the highest flood level. As far as 
poeaible, curves should be avoided in earthen embankment. 

Mtand^ng —A meandering river is one which follows 
a alnuoua path due to natural physical causes not impoeed 
by external restraint, and is chAracterised by cursed flow 
and a tcmating ahoalB and bank erosion. 

Arid —A term appbed to lauds or c1imat3 that lack suf¬ 
ficient water for agriculture, without artificial irrigation. 

jSemi-Arid—A term applied to lands or climate, neither 
entirely arid nor strictly humid, in which inferior crops 
can be grown without irrigattou. 

Water-Loffg^d —A condition of land where the water* 
table is at or near the ground level and becomes detri^ 
mental to plant lift Waterlogging may result horn over- 
irrigation or seepage due to inadequate drainage. 

GravUy-Wattr-^(i) Water that mov« through soil 
under the fort* of gravity, (ii) Supply of water by gravity 
u distingEuahed from a pump supply. 
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Capmary.Water^Wtter held in tbn pores of tlw soil 
&boTe the mier-t&bls fay cApiiUry foif«» Kod wiikh is nol 
dreined by granty^ 

CapiSarxiy —TObe Ti» of water tbrougfa soil pores witbont 
gnTiUtianal force. (See nnder **SoD Maducucs”). 

_ The G&pUl^ty ik<^r diffen for diffexeiit aoUs depetid* 
mg ap»ii th^ toxtiiTo. 

^nnge Water —Water in the xonB munediatety abo^e ths 
^J*r-tabl«. It may oonelBt Bcliely of capillary water,, 
or it may be oombio^ with graTity water in tranat to the 
water-table. 

Capiilory Fringe —The water held by the foroea of 
oaptUanty above water-table by the latereticee of soili 

Creep —The movemont of the water onder or around 
a eLi'uctiire built on permeable fonzidationB. 

Conag—The erosion of a river or canal hajifc fay the 
Undermining action of water. 

Seepage — ^The wpater which by the action of capillaiy 
attraction pasaes undergrotuid &om channels or 
thjwigb close soils and does not appear visibly in tbs 
vicinity but the area becomes ‘^water k^ed". The 
percolation of water into or from the Bod; infdtratkuL 

Fereolaticm —Row of water throu|^ the particles of 
soil (porous aubstanos) due to the fons of aiavlty or nres- 
aare of bead. ^ r- 

ffpgroecopteUy —Xs the ability to absorb Mi d retain 
moisture without neoeesaniy beaming liqokL 

Hygroecopic- Water —Water found on tbs aurface of the 
aoilt and which 13 not capabki of movsiDeiit eithar by 
gravity or captUaiity and can only bediiven ofiTby beat. 

Hffgrosoefpic Co-e^ident^lt k ths motsture. In per¬ 
centage of dry wo^t, that an oven dry aoil will absorb in 
aatarated air at a given temperatun, or the mcastuTe that 
an air dried soil is able to hold. It denotes the limit of 
motature that can be retained at ths ground sui&oe in 
equiUbrium with atmoepberie water vapour. 

Wilting Co-efficient — Is the mouture content in aoil 
above wldcb water Is available for pbuit growths It ■ 
the ratio of the weight of water in the soil at the moment 
(with gradual reduction in the supply of Bod water) 


w 
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the IcavM of the pliota growing in the eoil fust nnder® 
m pomiBJiBat redoctton in their water content u (he re^ 
of a deficiency in the supply of aoil water, to tiifi weight 
of soil when dry^ 

FrK-W<iter —Water in soil which is in exoea cn the 
hydroecoiHO and capillary water and which can 
irwlT downwards when the sod is pottma and drainage 
available* This is also called '"gravity water*" Top 
Hurfece of the "&ee-water" La called aaUf4ahk.. 

Leachttig —The washing out of salts from the upper lone 
of the soil by flooding. The salts are diaaolved in the water 
which is drained off either on the surfaoe or through the 
mib-Boil. 

DeliqtMcence—'ls the ability of a material to wieoTO 
moisturt from the air and thus to dissolve and become 

liquid. ^ , 

Conttrmiwn Workt —Works like dams and resorvoiira 
built for storing water during the days of plenty of supply 
for use in adverse times. 

(More terms are given under leapoctive headings in the 
following pages, and Sections on "Hydraulics, Water Supply, 
Drainage & Sewerage, and Brid^.*') 

2* SILT YWW m CHAMHEUS 
nic silt carried by a ri ver is the result of eroakm by 
water on the soil in the catchment area of the riva. The 
proportion of silt to water and the mze of silt paridclea 
carried depend upon the nature of the surEaee soil, its 
slope* and the rainfall in the catchment area. Silt car¬ 
rying oapsjcity of the water in a riianiiel depends on dis¬ 
charge, sorfaw slope, grade of silt and the silt charge. 
The water in the mam canal carries adt with a h%h silt 
&£tOT which is gradually reduced in branch ntnab and 
minors* The channel sectron elope is thfvofoco fixed 
uoording to siit analysis (edt chaii^ ud alt grade)* 

There are two classes of silta (i) bed which it 

dragged or rolled along the bed, aod suspsided nilt. 
In a particnlar cbamiri, the heavier the psrtkle the doeer 
to the bed it remuns, depending upon the vetoetty. Hil t 
that may be euspended in a bigger canal on aocount of 
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Hk high Telodty juj start mllmg in a smaller ehannel or 
wbh be dropp^ in the bed. A non-a^ng velodiy is tbe 
▼dodty at which a channel is jnat able to carry ita silt 
load vithoat droppuag any of it in the bed. 

Tartatlon of SQt-Charge or Silt-Gnde tn a ChuiiML 
Oonfladerable TarUtions are noticed in the Bdlt-oharge 
azKl silt gzade which are carried daily by the water in • 
duumel. llie silt during summer is muddy and it becomea 
foie and coarse sand in winter. The silt charge by weight 
h maximtun in the rsbiy season when the parent ri^er ia 
IQ floods. Irrigation channels berm up moat in July and 
August when fertilizing fine silt'Chazge is "very high^ 
and paffl high ailt^luiirige daring June, July and August 
without silting up. They ralt ap most in October aud 
November when they pick ap coarse eilt from the faJliTig 
parent river, due to lar^ reduction in silt-charge by weight 
in thiur own wateru. grade” is eize and ‘'aCt-ohajge” 

is proportionj^ 

Silting in mMl channels can sometimea be remedied 
by widening the bed, 

sat Dbtrtbuthin at Various Depths el a Cbaanel SKtIeiL 
The amount of silt suspended in various layers is different. 
It is about 60 to 70 per cent by weight near the surface, 
and about 130 per cent near the bed. At a depth of about 
0.6 D from |he surface where the mean velocity occurs, 
the quantity of silt suspended (or silt-charge intenidty) 
repreeenie a fair average of the total quantity of silt. 

Distributary channels silt up most (due to defective 
deaigniag) in head reachee and berm in the tail reacbea. 
The middle reaches are genersUy free fo>m silt trouble. 
Therefore, it is deeuable to haye high ratio of bed to depth 
at the bead of a reach, than otherwise required. 

At a bend m an irrigation channel there in ahallnwer 
depth on the inside and greater depth towards the outaide 
of the curve. There is a constant flow of silt along the bed 
from the outside to the inside of the curve which tends to 
depomt silt and grow berms on the uxaide and errode the 
banks on the outdde. Any olT-take ftom the oataide of 
a channel curve would therefore carry niativiEly low silt^ 
charge by wmght and grade. 
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SSlt problem is practjcallj non-existent in non-ntlnTial 
wDs. 

sat is a grut Ja^iimng a^Kt, therefore, Bome silt mnst 
be CKTwd in canal waters. It facilitates the formation 
of berina along canals and forms a water-tight coating 
on the canal section whidh reduces seepage of water. 
ChannelB have to be so designed that tbej are able to carry 
the nLBxunnni quantity of the uaefid silt without otherwise 
impairing the flow of the chanital. The oorrcct quantity 
and grade of silt that a particnlar channel should carry^ 
which depends upon various factorst is a vejring problem 
for the engineer. From a loot at the bed ivhen the channel 
is dry an indication can be had whether the bed load is 
heavy, medium or light. Where the bed load is amaU, 
the ^t particles form dunea in the bed. With increase 
of load the dunes disappear prewnting a smooth bed 
sorface. Farther increase of load forms small hiila eaOed 
anti-dunes which travel upstream. The anti-dunca have 
the reverse shape of the dunes^ their do-wnstreani faces 
are flat and the upstream steep. TTicrefore. a 
channel has to be designed, i,e.. a channel which neither 
silte nor sconrs but carries a good amount of the eilt. 

Critical Veloelty Ratio (C,V,IL>~V/Vo 

It is the ratio between the actual mean velocity fV) 
In a cbanne] to the critical velocity (Vo) calculated from 
any of the standard formulae. For a non-aiitiug channel 
the C.V.R, should be one or a little more t^ian one at the 
head or head reach, and about 0.8 towards the tail. This 
factor also takes into acoonnt the channel dimensions 
and does not show departure from frgime. 

It is advisable to maintaiu a constant velocity threugh- 
ont the length of a canal so that the ailt suspended in it 
may be earned on to the fields. 

Weight or Density of Snt. Weight of dry Bait is about 
80 to 85 lbs. per c. it. In natmal state aili has about 45 to 
55 per cent, voids. Silt swells when wetted. ( See under 
^'Bulking of Sand” m Section 8. ) Since volume 
of sUt is very variable silt couteut should be deter- 
mined by wei^t. 
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Deslrflia« Velocities hk Cbiniul} 

Velodty varies oonaiderably with the type of the cIlibmI 
and the natuit; of motenals forming the and the sides. 

velocity is least near the bed a^ hanke and is greatest 
ui a plane at about 0.3 depth below the water Eur&i,ee. In 
canals of over 50 ft, bed width the mean velocity in the 
oentr^ a^ment haa been found to be jnst double the mean 
velocity in the slope ae^ment. Thifl ratio reduces to 1.5 
on omall channels. For changing a dischaigie the bed- 
width is generally changed. 

An average v^odty of 2 to 3 fl. per second, with 1| 
ft i»r sec. minimani, will generally prevent the depositlotii 
of silt or growth of weeds and avoid soanr in an earthen 
channel. 

The usual vdodty of water in earthen chanrelw is a^ 
foDows :—' 

In main canals . ^ a/eeo. 

In branch canals .. g, 

In large distributaries ,, 2| H 

In small distributaries . * ,, 2 „ 

In very small distributaries ,. ., l|. 

In water-oonises and field channe l s .. Itol^ ,, 

Since a canal in ordinary eoil cannot be nude with a 
gteatper velocity than about 3J feet per second and the 
critical velocity is greaw than that in canals wbkh have 
depth of over 9 feet„ it is not desirabb to design 
in ondinaty soih with a greater depth than about 0 feet 
unless the water is silt laden. * 

In the case of channels fed by tnbe-weUs or j&nm 
reservoira, or channels in nqn-aDuvial soils non-sconring 
velocities have to be kept as the water is comparatively 
silt &ee and there is no danger of silting, very flat 
abpee, such channelfl should be made deep in proportion 
to their width. 

The velority is also generally increased near cross 
drainage works sach ta, aqueducts, to raducs the section 
of the channel and minimize the cost of such w'orks, A 
velocity of 5 ft. per aec. nr even more (generally not as- 
oeedmg twice th^ in the canal) is allowed. 
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Haan Vd««lU» Safe Against Biodoa or Se«nr In CtauuMb 
ol DUferent 

J^, peraee. 

Soft earth or very fine day 

,, 0.25 to 0^30 

Soft day or fine day 

0.50 to 0.75 

Very fine or very light pure sand 

„ 0.75 to 1.00 

Very light loose sand or eilt 

t.OOtal.GO 

Coaiae sand or light sandy soil .. 

1.50to2.0D 

Average sandy soil and gooddoara 

.. 2,00 to 2.50 

SanOy loam 

.. 2.50 to 2,75 

Liglit ordinary earth or sandy bed 

.. 2.50 to 3.00 

Average loam or aUorial soil 

2.75 to 3.00 

Firm loam, clay loam 

.. 3,00 to 3.75 

Ftrni gravel or day 

3.50 

Stiff clay soil; ordinaiy gravel soil, 


or day and gravel 

. . 4.00 to 5.00 

Broken atone and day 

.. 6.00 

Grass 

.. 3.00 to 5.00 

Coarse gravel, cobbka, shingles, shale 

„ 5,00 to 6,00 


CDngIanieT»t«j cemented gAvnl, eofl sUtcp 
tough h^paa, eoft BedimenUij eodL,. 6^00 to 8.C0 

goft rcxdc • * * * *' 4.50 to d.QO 

Herd rock -* -* -- lO.OtolS.O 

Very herd rock or ccmeat conerete ,» 15.0 to 25.0 

Bottom Telocitj iney be ebont |tJ:i to |th of the ebom 
-nhiee which repreeent only the aveieM oooditifmB, Ac . 
tuelly the safe yaluee depend on the hjdTenlk mean nidituL 
A higher yelociliy can be giren to a Buullfir cbumd 
becanae body of water ha» kee eroeiTe power than 
a larger qaantitj* Quick flowing canale ebould be narrow 
mrrii deep while e$DW flowing caru^ Rhonld be abaUow and 
broad. Velocity needed to prevent nltuig or croeioa vanea 
with the depth of flow according to the relatkawhip given 
In the table under "Kennedy'e Hieoiy^' for fine sandmilt. 
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Tli« foUDwii^ table givee the relatioQ between meaa 
velocity, bjdnoiio mean depth, and eiDHve or KOiiring 
power of a atrB&Ed ^ 


Tbwa waoKMir 

In > dwimnll of 
h>vlmiljc nma dxptii 

UdIiJ n mii*ji vilDCity U ranched nf-^ 

It, 

It. per 

1.0 

2.5 

5.0 

10.0 

1.0 

£.5 

5,0 

10.0 

1.0 

5,0 

10.0 

1,0 

£,£5 

5.0 

10.0 

3.0 

2.5 

5,0 

10,0 

0.4 1 

0,7 1 Fina 

0.0 > 

J 

?'s 1 

1 75 f Hen^j blit And fiHre HDd 

i,s&\ 

1.75 1 

2,25 1 

*5,0 rOowBaud 

5.5 1 

t.25 \ 

( Snjall pebblH {pMS DM) and grave 

4.5 1 

5,0 \ 

5.0 1 Large pebblea (faui^a egg ii») and 

7.0 feoaEMHnd. 

0.0 J 

1.0 

10*0 

15,0 i Large itODei 

25,0 J 


To BuunUin Kennedy^e relation of critical velodty to 
depth, the ratio of bed-^^th/depth aboold be between 1 
and 6, and the lower value i» prefenrd. A mean velocity 
of above ft. will carry eOt at a depth of 2 ft, but it will 
fka to cany aOt at a de^b of 0 ft for which a vel^ty 
o£ over 2JtS ft. will be neoeeBaiy (ace above table}. 
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The folhxnng bottom TiJodties in a ch&rtnjal will just 
pxodnce motioii in the snbetAnces mentioned ::_ 


Ft. per second 

ICatoriai 

o.Ja 

flflft eartbp fiM efay. riimr rniMl or ult^ 

0^90 

OoRUnoD eluj 

0*70 

BBEut 

0*80 

CMfaer aaad 

1.00 

Fma i^vel tad eotne nod 

I.on 

Parities 1 in. Jj-nwtur 

1.00 1 


to J 

Psbbiea, 

3 * ss 9 


9*00 

btcukOC S in. diametflf 

s.oo 

Boaldcni S to S eil. dianurtaf- 

10.0 

Boaldsn 1 ! to 18 in. diun^tAr. 


AflOff of Chiimels. Depooit of sSt increaBe* reidstaaoe 
to eroKion and the beds can tolento h %W Telocttitt when 
silt hmn been depoatod- Velocities in new channels can 
be deowd by "check rtmctnrtt'^ (mch as spurs and 
groynes) and depositiDn of silt cnDOuniged, 

MBm Velodttes vtalsb vlD not Erode Cbumeli Aftor 
Aging:—lAto- Soc, c. Eost*. loao). 


Materia] of ohamMl bed 

Velocity in ft/iue. 

Shallow ditch 

l^flp canal 

Fine aand or ailt 

OoanB sand or Kodj^ Lmjti 

Silty or ifcid loan 

Ctayay loam or oacd cUy 

Pino 

WoIJ ^nadad gravo] 

Pobblea, bcokni Bioiw 

Stono maoonry ,, 

Solid cock or oanecvto * _ 

o.ao-i.M 
1*00—1. SO 
1-00—1*75 
1.90—4,00 
4.00—4.50 

1.45—5.60 
2.60—4.00 

7.SO—16.00 
16.00—29.00 

1.60-4.90 
1-7S—2*90 
ITO^.OO 
2.40—S.00 

2.50—9.00 

4.00~*«.OD 

6.00—4.90 

* a 


Velooftlei to Mots Stones OiatDys fonmUA: 

V=5.«7v/M or I of stone in ft.. 

S5 < G=ip«fficgraityof,tono 
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Hie foUowin^ velocities (V) of water, in feet per see., 
in a river will move stoties of diameter (d) :— 


V 

1 

1 

3 

3 

4 

3 

7 : 

10 

U 

H- 

20 

2S 

30 


40 



r 

r 

ir 

2i' 

H* 


2.7' 

4.7' 

7-4' 

10.0' 

14,4; 

i&e 


Silting of ChaaDOls^ AU dtatribat&ry ehanaela have a 
tendency to silt up in their hood reaches and to grow bemui 
in their tail reaohes. The reaeona far eilting up in head 
reachea are ;— 

^Ton-regrinK aecfida—It may eamotimes oecar tJiat the co- 
gime slope is not available in the reach oonsideced to 
tnuupoTt silt of a eoarso qaality. The canal will drop ita 
aOt which it cannot cany in the head roach. The lowei 
feachee will thus have to deal with less silt in water. If 
the elope is inadequate the canal will tend to increase its 
alope by silting at the beginning (below oontroZ pointe). 
Th^ can bo made a regulator at the canal head bo as to 
admit finer sUt only which can be earned by the slo|»e 
available. If the head regulator is defective and it allows 
entry of exoesaive ailt charge, the coarser part of the sUt 
will drop in the head reach. Ordinary heads built at right 
angles aattomatieaUy draw off the coarse silt from the 
parent channeL Fails create a natoral break: in legime 
and act as oantrols. They are, therefore, very aoitable 
poUite for modifications in dimensions. 

To prevent silting the discharge should be increased 
to enable the ohannel to cafiy higher charge, ajid elope 
(and cooflequentJy velocity) should be increased to enable 
the same dLschs.^ to cany the higher charge. In all 
casflB where the elope is the oontroUi^ factor, the channel 
should be designed for the silt factor that the available 
slope indicates. In the case of a minor, if the silt of the 
same oharactor is to be withdrawn as in the parent chaTine] 
a greater slope has to be given in the minor to avoid silting: 

up. 

If the ovileit are defective and do not draw in them due 
aliare of silt, the channel will silt up in the heed reach 
mostly, and in other reaches to a lesser oitera* If the 
channel runs long periods with /oiuer tuppHes, it will also silt 
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up in bead reaches to sdjast the fiilt ch&i^ge due to redaced 
depth and vdodt j. The reasons for berming of tail reaches 
are due to low TelodtSes and growth of weeds and gran 
which necessitate frequent cutting of bemie. 

KENHEDY’S SILT THEORY 

Critic^ Veloelly (Vq)» Critical Telocity is a velocity 
which causes neither sUting nor scouring. This average 
velocity has a certain relation to the depth of piater in a 
channel. Fine silt has a lower critical velocity than heavy 
silt. Critical velocity is the only velocity which will main¬ 
tain the reffime of the canal. 

Kennedy baaed his theory on the charge and grade 
of silt present in the Bari-Boab can*] (Punjab). (Thus the 
formula for V, ^ven below depends upon the nature and 
quantity of silt present in the parent channel from which 
the canal takes off.) If the channels have different aizo 
end grade, they would run non-silting with a velocitv 
dilTcrent from Yg. 

Kennedy's fonnala (when put in the general forml is » 
Va=Kd“ * 

Vf— is the critical velocity in ft. per sec.* 

K— is a constant depending upon the nature of the silt, 
which varies with the reach along the river or the channel 
being higher for reaches near the heads of canals or the 
source of river reducing towards the tails of channels 
(as is evident from the values given below). This was 
j^ed as 0.84 for the Bari-Doab canal. 

d—is the depth of water in ft. over the bed portion 
of the channel (full supfily depth.), 
td— the value depends upon the type of silt earried bv 
the water. It is different for different rivers. 

The nrignia.1 equation was : 

Vi=Kd®‘“ or=0.&4d®-** (for Punjab canals) ; 

The value of K for various grades of material may be 
taken as : — ^ 

0.63 for very fine ailt (as in Kind canals)^ 

0.82 for light sandy 

0.84 for fine sand-s^t (as in Punjab canals), 

0.90 for coarser light sandy silt, 

0.91 for fine sand ^t (as in Burma rivers), 
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l.W for sandy loam (as in Madras rirers). 
1.07 for coarse silt and coarse sand, 

1.2 to 1.6 for sand and small bajri. 

2.5 to 3.0 for bajri and gravel, 

3.0 to 3.5 for gravel and boulders. 


V, js not constant but varies with the depth of the 
Chanel. I^n the case of small channels, the greater the 
waterKlepth, the steeper can be the bed-slope. When 
th^pe IS fixed, the bed can be widened and depth de- 


w® foUovujg table gives Kennedy’s critical velocities 
(Punjab canals) for the values of 
K-=0.84. for various depths, Side slopes J to 1 


d 

V 

d 

Vo 

d 

Vo 

d 

v. 

0.6 

1.0 

1.3 

1.5 

1.7 
2.0 

2.8 

2.6 
2.7 
3.0 

8.3 
8.6 

0.64 

0.84 

0.90 

1.09 

1.18 

1.37 

1.43 

1.61 

1.69 

1.70 
1.80 
1.88 

3.7 

4.0 

4.3 

4.6 

4.7 

6.0 

6.3 

6.6 

5.7 

0.0 

6.3 

6.6 

1.94 

2.04 

2.14 

2.20 

2.30 

2.36 

2.44 

2.60 

2.66 

2.64 

2.73 

2.78 

6.7 

7.0 

7.3 

7.6 

7.7 

8.0 

8.3 

8.6 

8.7 

9.0 

9.3 

9.6 

2.84 

2.92 

3.00 

3.06 

8.10 

3.18 

3.26 

3.31 

3.36 

8.43 

3.60 

3.66 

9.7 

10.0 

10.3 
10.6 

10.7 
11.0 

11.3 
11.6 

11.7 
12.0 
16.0 
20.0 

3.60 

3.67 

3.74 

3.79 

3.83 

3.90 

3.97 

4.01 

4.06 

4.12 

4.76 

6.71 


For Sind canab multiply by | 


alluvial soils, depth does not affect the value of “n” 
(m Kutter s formula) to any appreciable extent, but in 
the case of Mulders and gravel, the roughness co-efficient 
vanes greatly with depth. 


_ .. , bed-width 

Kaz. ratio of — 

water-depth 


4 

4.6 

6 

6 

• 

Discharge—cuoeco 

10 

26 

100 

200 

600 

1000 


«J««i«ona nave been evolved (based 

for the channela in God*, 
vary and the Krishna delta systems : 



























f 

4 

6 

8 

10 

12 

14 

16 

18 

20 

25 

SO 

35 

40 

45 

50 

60 

70 

80 

00 

100 

125 

150 

175 

200 

225 

250 

300 

350 

400 

450 

500 

600 

700 

800 

000 
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Data of Dttsigii for ** Kennedy** ChanneU 
with Kutter’s “n** =0.0225, 


Bed 

Width 

Depth 

Gradient 

1 in— 

Critical 

Velocity 

Ratio 

Mean 

Velocity 

2.00 

1.0 

2500 

1.00 

0.80 

2.70 

1.2 

2500 

1.03 

1.00 

3.50 

1.4 

2857 

1.00 

1.02 

4.00 

1.5 

2857 

1.03 

1.07 

4.75 

1.6 

3333 

0.»9 

1.13 

5.25 

1.75 

3333 

1.00 

1.18 

5.50 

1.80 

3333 

1.01 

1.22 

6.00 

1.03 

3536 

1.00 

1.26 

6.25 

1.05 

3636 

1.00 

1.28 

6.60 

2.00 

3636 

1.00 

1.32 

7.25 

2.15 

3636 

1.01 

1.30 

8.00 

2.25 

3636 

1.02 

1.46 

8.75 

2.45 

4000 

0.08 

1.48 

0.25 

2.55 

4000 

0.09 

1.50 

0.75 

2.65 

4000 

1.00 

1.53 

10.25 

2.75 

4000 

1.00 

1.56 

11.00 

2.00 

4000 

1.00 

1.67 

12.00 

3.00 

4000 

1.01 

1.73 

13.00 

3.20 

4000 

0.07 

1.76 

13.50 

3.35 

4000 

0.08 

1.70 

14.50 

3.40 

4444 

1.00 

1.82 

16.00 

3.65 

4444 

1.00 

1.91 

17.00 

3.60 

4444 

i.do 

2.00 

18.50 

4.06 

4444 

1.01 

2.07 

10.50 

4.30 

4444 

1.01 

2.16 

22.00 

4.60 

4444 

1.01 

2.23 

22.00 

4.70 

4444 

1.01 

2.30 

24.00 

4.80 

4444 

1.03 

2.38 

26.50 

6.15 

5000 

0.07 

2.33 

28.50 

5.30 

6000 

1.06 

2.44 

30.50 

6.60 

5000 

1.00 

2.49 

32.00 

5.65 

5000 

1.00 

2.54 

35.50 

6.00 

5000 

1.00 

2.60 

30.00 

6.10 

5000 

1.01 

2.70 

42.00 

6.30 

6000 

1.01 

2.81 

46.00 

6.40 

5000 

1.02 

2.85 

50.00 

6.50 

5000 

1.03 

2.89 
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Godavary d®** 

Kriahna Vo=0.93 d®*« 

For Shwcbo canal, Burma, derived by G.C. StavreD 
for fine sand : 

Vo=0.91 d®-« 

Kennedy’s theory does not take the width or the shape 
of the channel or slope into consideration which have to be 
assumed. The velocity aorked out should give the required 
discharge for the assumed section and at the same time 
satisfy the Kennedy’s equation. Tht mean vetociiy of |A« 
channel should never be less than critical velocity. This in¬ 
volves the calculation of mean velocity by the Chety’s 
formula after assuming Kutter’s co-efTicient. 

Lindley derived the folUncing equation :— 

Vj=0.95 d®*®^ for standard silt in lower Chenab canal 
and also found the relationship between Velocity, Bed 
Width, and Depth as : 

V=0.57 B®^ and B=3.80 d»-« 

When Kutter’s or Manning’s formula in combination 
with Chezy’s is used, the section is to be selected as to 
give the mean velocity slightly greater than the critical 
velocity obtained from Kennedy’s formula; or use Lacey’s 
formulae. 

System now recommendeo is to use the gradients given 
by Lacey’s formula and work out the sections by Chezy- 
cum-Kutter’s formula and test for critical velocity with 
Kutter’s formula. 


LACEY’S THEORY 

According to Lacey, a channel flowing in its own 
silt will, if continued uninterfered with, reach final stability, 
and where the conditions of discharge and silt remain 
constant final regime will be obtain^ in time. Natural 
streams have a tendency to assume semi-elliptical shape ; 
coarser the silt, the flatter and wider the semi-ellipse, while 
finer the material carried, the more the section approaches 
a semi-circle. If a canal is designed with a section too 
small for a discharge and its slope is kept steeper than 
acquired, scour will occur till final regime b obtained. 
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According to Lacey, the ratio of bed width to depth afTects 
the ailt bearing capacity of the channel, or in other words, 
the shape of the channel for a given discharge is a function 
of the silt grade; channel in finer material being narrower 
and deeper. There is only one section of a channel and 
only one slope at which the canal carrying a given discharge 
wiD carry a particular grade of silt (silt factor). For 
constant silt grades, the ratios of bed width to depth (or 
more accurately, that of the wetted perimeter to the hy¬ 
draulic mean depth) steadily diminishes with reduction in 
discharge. Before a r^me channel can be designed, 
it is necessary to select an appropriate ratio of bed-width 
to depth, and thereafter to assign the correct depth and 
water surface slope. 

lawy’s Uieory is more satisfactory than Kennedy’s 
and his formulae are now used in preference to Kennedy’s 
for the reasons that his equations give one section for a 
particular discharge with a fixed silt factor, and take into 
account all the features which determine the canal section 
for a given discharge. There is only one value of the velocity, 
the crom sectional area, the wetted perimeter and the 
hj^drauhe mean depth; and are also easier to work out. 


AppUeatlon of Lacey's Formulae 

Lacey’s formulae are regime formulae and hence 
depend on regime conditions, i.e., constant flow and constant 
silt charge. Puial regime velocity is a function of the 
discharge and silt factor, for a given discharge and silt 
factor “f”, regime velocity “Vo” can be worked out and 
from which A and R deduced. The bed width and depth 
can be calculated provided the shape of the channel is 
specified. CJhannels are usually excavated to 1 to 1 side 
slopes, it being assumed that after silting up they will have 
side slopes of approximately | to 1. 

If lacey’s formulae are employed for calculating the 
di men sions of a channel, each dimension should be worked 
out ^m one of his f^ulae, never assume one dimension 

r i”* *^>»Aining dimensions from his 

formulae.^ Hus wdU give erroneous results. 

Lacey s formula can ^ applied only up to certain 
discharge values below which they give indeterminate 
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resulta. These limiting values of disofaarge are givm in 
a following table. Kennedy’s fonnola may be used for 
small discharges. 

The most important factor in the nse of Lacey’s formulae 
is the fixing of correct values for the silt factor‘T' which 
depends upon rugosity of channel, silt grade. According 
to Lacey *T’ is proportional to If a channel is 

said to be in regime in any given reach, it is better to 
observe the actual mean velocity, said to be the r^me 
velocity, and the hydraulic mean depth, and calculate the 
silt factor from the expression : 


V I 


V 1 



A rough qualitative formula for determining ‘T’ for 
the predominant type of silt transported, useful for new 
canal projects : 


=8Vd or 1.7eVM 


Corresponds to a max: 

size of silt 0.01 m.m. to 
0.257 nun. 



where: 

d is mean diameter of silt in inches, 

M is mean diameter of sUt in ni.m. 

If the channel is in regime, the value of ‘T* got fronts 
Lacey’s formulae will be equal; any variation vrill indicate 
the extent to which the chaimel is out of regime. 

(Lacey’s theory does not apply to Bombay Deccan 
can^ b^use silt is non-conerent and soil is non-alluvial.) 

For canals the value of *T’ is generally taken as follows: 

0.40—very fine silt as at Ism alia canal, Egypt, 

0.50—fine silt as at Madras, (3odavari delta, 

0.60—^fine silt as at Jamrao canal, Sindh, 

0.60 to 0.70—for Sarda canal, 

0.62—for Rohree canals taking off from the river Indus, 
0.70—fine silt as at Krishna, Western delta type, 

0.80—average for Punjab canals, 

0.85—medium silt as at Ganges canal distributaries, 

0.90—for Ganges at Sara, 
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(Take 0.90 hi head reaches and 0.80 in tail reaches.) 
Channels designed from Laoey^e diagrams for f=0.8 
will be smaller than those designed with Kennedy's 
diagrams with N|=0.0!225 for the same slope and 
discharge. 

1.00—Kennedy's standard sflt, Bari Dcrab canalsT 
1.26—Medium sand as at Griffith 


6» t: 
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I Gixe of grain 
iam.iii. 

f 

O.OSS 

0.400 

O.OSl 

O.COO 

1 0 . 1 to 

o.eoo 

0.]£« 

O.TOO 

0.2^ 

0.800 

o.m 

1.000 

D.MS 

1.260 

o.tso 

1.500 

0.9SB 

1.750 

l.SOO 

2.000 

S,^2^ 

2.760 

1 7.260 

4.750 

26.100 

0.000 

60.100 

IS.DOO 

72.600 

15.000 

168.800 

£4.000 


“Repna ¥Urw in I&Mberant AJluviutn*'—O* Liicev^ Cantnl 

of Irri^tni Paper Nol SO. 


Notation : 

V,—actnal mean regime relodly in a called 

"critical velocity'*, 
f±:= Lacey's silt fsctar, 

Q^discharge in cnsecs, 

Pw^wetted perimeter of the channel, 

R^hydranlic mean depth. It is also affected bv 
silt grade, ^ 

A=;area of the chaimel, 

S=bed slope of the channel, 
n=KntteT'8 eo^ffident of rtigoaity, 

Kq— abeohite rpgoaity oo-afficient. '(Al» see further). 
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LA«y*s Standard FoTinalaa and Detfvationa 

1) v^,= i.nvfK^vT+H 

When the silt factor is unity, thia expreaaion give® 
on canals adbeiantially the same Telodties as Kennedy's 
equation. 

2) Pw=2.6eSv'Q=fv'Q (wetted pexiroetcr formula). 

Since the wetted perimeter dependa not only on dis* 
chat^ but upon the eilt charge ae weUj the co-effieient 
2.668 is not a rigid constant (ae waa enviaaged by lacey) 
but varies from 2.10 to 3,20 (which may vary In individual 
ebannela aa well). The expression gives the value of the 
minimum stable perimeter in ebannela in inooherent 
alluvium (pure sand). The upper limit is about 3.16 
and the lower 2.20 for Punjab canals. This formula 
is being used for regime and non-regime conditlone by 
taking snitable constant. 

If the banka are tenacious, the width may be leas, 
if the bed is tenacious, the width may be greater. If the 
wetted perimeter provided is greatly in defect, the channel 
win tend to W'iden in the course of tune. Stiff clay 
banka may prevent it doing aon but wherever the banks 
are friable, the channel will give trouble. If the wetted 
perimeter showed to the channel is too great, there will 
be a tendency for the channel to berm up and to narrow 
and deepen itself. 

/Qvi 0.734V*" 

3) K= 0,4726 — — j - 

Pw 

4) ^=7,111 
R 

6) V.=0.I41^ 


^Regime velocity 
formula 
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8) V,=3IOO^ 


9) S= 


fi 


I844Q^ 


10) S= 


ft 


2686E* 


i 1) A f==4.00 Vo* or QP =4.00 Vo* 

12) V=10.O5R*S* 

13) Vo=*-^^^*S* 

The equation (12) applies to chajmek in perfect regiiOM 
and has the decided advantage that it applies to all 
earthen eharmels in regime iireapectivo of any rugosity 
CDnsideration. 

The equation (13) applies to channek wJiieh are not 
in regime. 

Np ia lacsey s uftstiiute vs^Jficiint oj rugo^ which for a 
regime channel flowing in its own silt is constant for any 
particular grade of sUt. it does not vary with the aiae of a 
channel as Kutter's or Manning’s “n** does. Cbiresponds 
to in the Manning's equation. 

This equation can be os a substitute for either 
Kutter’s or Manning's formulae in non-regime alluvial 
channels or channels with rigid boundaries, rivers, etc., 
with better accuracy and greater facility by adjusting the 
value of Nfl. 

Accordtog to Ijicey the oo-efficient of rugosity 
"a” is related to the silt factor "f" by the equation ^ ** 

N^=i0.0225 average for Punjab canals 

and-^wili 

Np 

From this Tclatiohship the foDowing results are obtained: 

Value of Oorresponding value of ^'n*' 

0.80 0.0213 

0,90 0,0219 

I.OO 0.0226 
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Manning's 

VaJuCT of Nq;— 

0.010—for cement planter.. 

0.01 a—for atjhiar and gowl brickwork. 

0.015—for rough brickwork or good bUmw work. 

0.01 S—for Slone work in poor condition, 

(Generally used for brick lined channela 
to allow for weed growth) 

0.020—for earthen channeb in excellent otder. 

0.0225—for earthen channeb in moderate order. 

0.025—for earthen channeb m poor order, 

0.0275—for earthen channeb in bad order- 

0.030 — for earthen channeb In very bad order. 

Valuta of co-ffficient **%" /or camU in ectTih and rodt:— 
(Taken from more recent experiments by Fortier aad 
the U.S. Reclamation Service.) 

0.Q15 — For canab in Indurated clay In exoeUent con- 
dition, constructed with w'ell graded amooth surfaoea, or 
worn smooth bj the water* uniform cross aectktnH regular 
alignment, free from sand, gravel, pebbles and vegetation. 

0.0175—For canab well coated with sediment or in 
stiff tenacious clay soil. 

0.0200 — For canab in sandy and clay loam soib. m 
average condition, small variations in cross section, fairly 
regular alignment, 

0.0225—For canals in earth in very good condition. 

0,025 — For canab in earth in tolerably good order or 
for canab in mixed compact gravelly soil or gravd rang¬ 
ing Up to about 3 inches diameter. 

0.030—For canab in rough gullied hard pan with 
eroded irregular cross'section and targe graveb in bed. 

0.040—^Fur canals with rough scoured beds with croaa- 
aection about half filled with aquatic plants. 

0.075—For canab in very poor condition, thick vegeta^ 
tion on the banks trailing in the water. 

Channels above 10CN} cuaecs discharge are designed 
with 0.020 coHefneient; below 1000 with 0.0325; below 
35 with 0,025* and for water oouises tho oo-efTicient may 
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be 0r030. The increase in Trelocity ia very Tiearlj propor¬ 
tional to the decrease in the value of 


Table Showing Values of for Various Materials 
and CoiTBHponcliDg Values of d for Various Values of R. 


listflrial of Channel 

No 

Value* of 

fl 


11= I 

* 

10 

23 

CoflOOnt plaatflr 

e.olo 

0.011 

O.OIO 

0-000 


Ashlar and good brick- 
▼nrk 

o.ou 

0.014 

0-010 

0-012 


Rough brickwork or 
good atone work .. 


0.0105 

O.OIS 

0.01)0 


Gttme-work in poor 
oonditiOD 

o.eta 

0.020 

0.013 

0.0103 

0.010 

li^arthon channel in 
Acellent order 

0.020 

O.tKS 

o.oso 

O.OlO 

0.017 

Ktto. m moderate order 

0.022a 

0.02ii 

0.022 

0-0203 

O.OlO 

^■tto. in poor order 

0.02.1 

0.027fl 

0.0245 

0.023 

0.021 

Ditto, in bad order 

0.027S 

0.030 

o.(m 

0.023 

0.023 

Ditto, in very 'bad order 

o.oao 

0.003 

0.0205 

0.0275 

0.0255 


u Lack's omnibus eo-efflcirnt nf 

D^ia for Kulter'l or Muming'n faftmiU 


(ThjH Tariee invtitvel^ w 

Equation Nos. 2,3»6,7 and 9 enable the varioua ele¬ 
ments to be determined directly from the discharge. 
Usually the discharge and side slopes of the section are 
given and the rernaining dimensions are to be worked 
out. All the dimensions can be determined with the 
help of equation Kos, 2,3 and 9. 


limiting DL^harge Vahies for Lacey's formulae 


r 

Etflctangnlar eectijon 

Elliptisat 

SKtkm 

R-O 

A' 

B-i 

R-J— 

K=1 

. 

K- li 

0,3 

32.20 

13.3 

14.00 

IB.SO 

44.00 

0-80 

0.70 

14.35 

0.14 

0.00 

3.37 

10.5S 

4.03 

1.0 

a. 00 

3.45 

3.40 

4.70 

11.00 

1.70 

2.0 

S.Ol 

0.80 

0.06 

i.ia 

2.76 

0.42 

5-0 

0.H9 

1 0.30 

0.3B 

0.62 

1.22 

0.19 
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Cla 3 aification of partiole eLze (defiaed as ^^sediment’^) 
in m.m. accordlog to the Central Boaid of Irr^tioa it 
Powoi-, India 


O to 1/256 = 0 to 0.0039 
1/256 to 1/126 0.0039 to 0.0073 


Clay 

Very Fine Silt 
Fine Silt 
Medium Silt 
Coaree Silt 
Very Fine Sand 
Fine Sand 
Medium Fine Sand 
Medium Sand 
Ckiarae Sand 
Very Coaree Sand 
Granule Gravel 


.. l/12Stol/64 
IfU to 1/32 
*. 1/32 tql/16 
.. 1/16 to 1/8 
.. 1/3 to 1/6 
1/6 to 1/4 
„ 1/4 to 1/2 
.. 1/2 tol 
.* 1 fo2 
w 2 to 4 


= 0.0076 to 0.0156 
= 0.Dl56to0.03I2 
= 0.0312 to Q.062S 
= 0.0625 to 0,125 
^ 0,125 to0,i6T 
= 0,167 to 0.26 
= 0.25 to 0.60 
0.50 to 1.00 


(This is the scale adopted by the International A«oo. 
for Hydraulio gtructurea Keseaxch and diffeta Irmn tbe 
other flcales given in “Soil Mechanics’^) 

The centre of the medium aand range is represented 
approximately by a Lacey’s silt factor of unity. 

Locey’j Shods Theory: Lacey introduced another 
factor in his dope formula for sheet due to bends, and 
irregularities in the channel, which accounts for the 
energy destroyed due to such oonditions. After t aJd n g 
shock into oonsidcratioii the non-re^me flow formula 
becomes : 


Punjab SeMorek IitetUule Fcrmvhe : with f=l 
Pw^2,800 Q* R=0.470 Q* 

V, =1.120 R* 


Die of Laeey'i DfoeiUDS 

For known values of dischaige Q and ailt factor *T" 
the wetted perimeter Pw and the hydranlio mean depth 
are calculated. ITiese are oonverted into bed widths and 
deptha for a corteiponding trapeKoida] channel with 
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horizoatal Iwd and \ : 1 side slope. This section is the 
one idoat commonly used in the condition of [rrigatimi 
ohannels. Trom the two diagrams slope and dlmenflioiiB 
of any channel can be determined if discharge end 
are known. (Where channels are da'dgned from Lacey's 
diagrams, there ia no need to work oat the critical velodty 
ratio). 

Valaee of “s” ooirceponding to “n” in Kutter”!. formnla; 


ChBiiii«L oooditioa 

n 

■ 

Deecriptloq^ of ehaoael 

Pocfbct 

.omo 

.000 B 


Good 

.0*75 

.174 8 

Katuni] itreua ohaoneU 

pair t, 


.305 B 

Anight bank, fhll sUge, 

Bed 


.420 8 

aa ritta or de^ poob. 

Very gwd.. 

.0225 

.oooa 


Good 

.0250 

.1008 

Perthen cbezutab Slid 

JndiCTecent 

.0275 

.331 8 

eenali mubr ordinavy 

Bad 

.0300 

.437 8 

ooDditioiLL 


The table shows that more than 40 per cieat, of ^ 
energy destroyed in the channel may be disaipated by 
i^hajiTwl iiregul^tiee.. 


3, GAUGING VELOC^ITT AND DISCHABGE 
OF BIVERS AND CBANNELd 

Fbr obaerring Tdodtj and diaohaige of riTen and 
nVfjinela a strict and nnifcrm maeh is sdected ajntj » 
nrosS'Section in the middle of it ie taken. Thia nrow 
section ia divided into smtable compartmeDta and the mmi 
velocity of each oompartmeot is foond. If deabed the 
velooities at different depths ma be taken and the mean 
velocity worked ont. A stap-vatoh is nwH for thning. 
Take velocity obeervatioiis when them is least wrnH 

Ssleetloa of Site for DlKhuge ObMmUoai: 

The site seleeted should comply wHb the foDowing 
legol^one as &r as poasibb to minimiae enon eansS 
by irregolaritiee in the motion of water. The site or 

the section under obeorvatioa w ho nld;_ 

(a) Be on a straight run and not on a outvqi or a fjiJI , 
and must bo clear of weeds, projeotions or any oths^ oba- 
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tractions interfering with Bmooth flow. This Btfaight 
nm length should be not leas than 10 times the mean width 
in the caac of a canal, and at least for 500 ft. above the 
section line for rivers in hilla^ and which will viuy for rivera 
in the pi mils ou deacribcd hereafter. 

(6) Be regular and uniform, not ahovring much de¬ 
parture from its normal flow at different times of the year. 

(c) Be at right angles to the directiou of flow, 

(d) Be easily accessible. 

fe) Xot be located where the river is too wide and 
ahallow or too narrow and deep. 

The site should not be located above a weir or 
barrage within the effect of the pond formed due to 
the heading up of the river, nor near a bridge or any 
such masonry work which is likely to cause obstruction 
to the amOiDth flow of the water. For a permanent dis¬ 
charge site in the case of canals, it is desirable that the 
sides and bed be lined or pitched for a length of about 
300 ft. 

SegmeatattOD or Spacing of Sounding Points ; 

The distance between the sounding polnta depends 
upon the width of the stream, profile of the bed and the 
accuracy desired. Two ropea or cables (and sometimes a 
third between the two) are atretehed soroes the channel 
marking the distance of the "mu'** A cable can be 
used only for channels up to about 1000 ft. width. For 
gau^ng rivers where the distauoe is great and it £s not 
p<^iblc to fix a rope acroos it, measurements are done by 
triangiilatien and observations taken with the help of a 
thEodolite. from the banks. Allowance must be mads 
for the ag^ Ln the rope or cable. The width is divided 
mto Several segments or compartments of more or less 
of equal dlschargo, which may be up to 8 or 10 in the 
case of channels and 15 for wide rivers. The widths of 
the segments usually vary between 1 and 100 ft. accord¬ 
ing to the size of the channel or the river and the accu¬ 
racy desired. In the cose of regular canals, the cross- 
!Kvtion should be divided into separate slope and central 
flegmenU w'hich should be further sub-divided into 
smaller segments. For river widths of about 150 to 1500 ft. 
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eemnentfl are 60 ft. apart and beyond that width 100 ft. 
awirt over the portion of the section passing 76 per cent, 
ofthe toUl discharge and 200 ft. apart for the remainder. 
A boat is useful for velocities of about 5 to 6 ft. only; lor 
higher velocities, anchors should be used for 300 ft. lengths, 
or a motor launch if available. 

Tags or pendants are tied at all such mtervals with 
one tag coming over the extreme waterage of each 
b^. These tags mark the width of the section and 
facilitate in counting. The length of a float ^ is so 
fixed that a float should cross it m not less than 20 second* 
and not more than 14 minutes. The length usually 
taken is 25 to 200 ft. for canals and 600 ft. for nvers. Ir 
the case of large rivers the upper gauge U fixed two river 
widths above the discharge ^tion and the lower gauge 
one river width below the discharge section. 

Where gauges are fixed on a sloping wall, the markmgs 
jhonld be elongated so as to give readings corresponding 
to vertical differences. 


Measuring Depths. Depths arc measured along the cross- 
sections made out, at the start, the middle, and at the end 
of the run in the case where velocity rods or surface floata 
arc U8e<l and along the central cross-sections only where 
a velocity meter is used. Depths are taken below the 
dividing marks and the middle of each compartment. Mean 
of the readings u* taken. 

Sounding Rod or Pole. An oval section for a sounding 
rod is considered to be the best as there is less heading up 
of the water and it gives more accurate readings. Flat 
iron of 2' X J* aoe or a liamboo of 2' to 3' diameter instead 
of an oval wooden rod are also used. Hie rod is graduat¬ 
ed in tenths of feet and bottom provided with a flat or 
round piece of wood or iron of size 4' to 6' to prevent its 
sinking in a soft bed. The depths should bo measured at 
the downstream ends thus omitting effects of afhux due 
to velocity. Poles are generally used if the depth of water 
U less than 10 ft., but bamboo rods have been used even 
up to 30 ft. depths in low velocities. 

leg Lint : Tlie weight and cord attached to it used for 
determining depths at observation points where it is impoo- 
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(uble to use a sounding rod. 

HwJt Oavigt : A pointed hook attached to a graduated 
staff or vernier 8<!kle is used for measuring the elevation 
of the surface of still water. The hook is submerged, 
and then raised until the point makes a pimple on the 
water surface. 

Oaugt Line : The line across a channel, passing through 
the permanent gauge in a fixed direction. 

Sounding Cable. Is used for depths below 10 ft. It is usually 
wire or a hemp cord graduated into feet by tags of 
eather inserted between the strands of cords. A hemp 
cord is not very accurate as it will shrink when wet and 
stcetdi under weight, therefore, due precautions should be 
taken when using it. Copper cores covered with hemp 
(called log lines) if available, will not shrink or stretch 
A weight of about 4 to 12 lbs. is required for canab with 
velocities up to 4 ft. per sec. and in small depths. For 
higher velocities and greater depths, a weight iip to about 
60 lbs. may be necessary. The load or sounding weight 
is generally of the shape of frustum of a cone. It requir¬ 
es experience to observe depths correctly as the weight after 
touching the bed trails dovtn and the rope has to be pul¬ 
led up till the weight is vertically under the observer. 

Observing Velocities 

VarieUwM in Velocity in a Cross Section of a Channel 

The surface and Mean Velocities : The velocities at 
different points of cross-sections of a channel differ widely 
and a mean velocity for the whole cross-section (or a 
compartment) has to be computed. The surface velocity 
of a stream is higher than the mean velocity ; the mean 
velocity is about 85 to 95 per cent of the surface velocity 
and the mean velocity is generally taken to occur at about 
0.6 D from the surface. The velocity is least in the 
neighbourhood of the bed and the banks and greatest 
in the axis of the stream at a point 0.15 D to 0.3 D below 
the surface. The ratio of surface velocity to mean velo¬ 
city is very variable and depends upon the form of the 
channel cross-section, the depth of water, and the rough¬ 
ness of the sides and bottom. The value is stated to be 
greater for sandy bed rivers and minimum in the beds 
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of graTeL It has been obsoired by some englnoen that 
tn&an of the velocities at and 0.2 of tbo depth from 
the surface gives mean velocity involving error up to 
2J per cent only. 

in a branch canal of over 50 ft. bed-width the mean 
velocity in the central segment has been found to be just 
double the mean velocity of the sloped segment ; on 
Hmall chan neb this ratio reduoea to 

Empirical Formulae for DeiomUning Mean Velocity 


(ii) Prof. Von Wagner's formula : 

V =0.705 Va+0.t)03 Va* 

(iiij Morlnb formula : 

V^Vb+10.87 i/SS; Vb=V6—10.87 

ftp) BsJtin^a formula ; 

V=KVa Kb a co-efficient 


Values of K for Different Surfaces of Channels 


Q.S 


,SB 


1.0 

S.O 

3.0 

4.0 

8,0 

8.0 

7 . 0 ^ 

8.0 

0.0 

10 


SO |ao 

*65 

.71 

.73 

.75 

.78 

.17 

.78 

.78 

.78 

+ 70 

.78 

. 88 |. 8 l 

. 8 S 

*85 

.85 

.85 

.85 

.85 

.88 

.85 

.85 

.85 

.85 

.85 .88 


.aa 

* S 3 

.83 

.83 

.84 

.84 

.84 

.81 

.84 

.84 

. 85 La 5 

.71 

. 7 S 

.80 

.81 

*81 

.81 

.81 

.81 

.88 

.82 

.82 

.82 .88 


m ia for «(irth«n chnnntli. b is for izacHith nirface^ TiDfl plavtered sidas^ 
H for eat etane* bickwark ot*. d is for rubble miuooryf uoeven 
surfeeee. 


where : 

V=niean velocity in ft./aec., Vs^snrfaca velocity» 
Vb=bottoni veloeityj 
Vd=oiid depth velocity^ 

R=hydraulic mean depth, S=mno of elope. 

(p) The following co-efricients for working out mean 
vclodty Crom surface velocity are given in the Tnms, 
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Am. of CE ^ VoL 06 , page 123 as worked out by 
wninaJty, and havo beeo found aatisfactorv : V^CxVa 










Av«ra^ depth 

fi ‘ 

10 

15 

20 

30 40 


100 

C 

i i.ot 

,07 

.94 1 

,02 

= && ,fl7 

.SJ 



The above oo-efficients are for sandy beds. For rough 

If tony beds the oo-efficienta aw reduced by 90 to 95 per oent^ 


(«) The foUowdng eo-efficieata arc recommended bv 
Buckley 


Depth 

Co-efficient ~ 


O.Sd 

1/10 depth 

O.flO 

- 

0.»1 

S/IO „ 

0,02 

jno >, 

0.05 

a 10 „ 

0.08 

- 

1.002 

Vio „ 

hOiS 

S « 

1.102 

WIO .. 

1.174 


] .330 


Obaejcvcd velocity at eerisui depUi 
iiiuitiplied by the oc-elTiciant givee 
the mean velocity, (Buckley's 
Pocket Eook.Jl 

pr precticel obeervetJocui)^ 

In & channel velocity varies 
from point to point, the mean 
velocity generally taken ia as 
follows ;— 


Major distributary 
Minor ,, 
Water-cQurflc 



1 ViUucii of hip 

0.016 

0.020 

0.025 

0.030 

0.87 

0.84 

0.82 

0.78 

0.87 

0.84 

0.S2 

0,78 

0,ft0 

0.00 

0-89 

0,S5 

o.ai 

0.01 

0,00 

0.80 

0.01 

0.91 

0,0 i 

0.98 


0.70 X central surface velocity 
0,65 X central surface velocity 
0 . 60 xoentra.l surface velocity 

The mean velocity on 
a vertical (not near the 
sides of a channel] relative 
to the surface velocity is 
shown in the table. 


LAc«y's oomJtKu 


Buiface inoats. ^Vooden discs 3 ' to 6 ' dia. or wooden 
oioclcs, hollow metal cylinders or even corked bottles, 
T»ith smaJl flag, fuced oa top for indentification aw used' 
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filobulatfloit* are betUr than flat dira, ^ “ 

better and room accurate; the lower float is “ 

little heavier than water; the Ici^h of the mtd 
the two floats is kept equal to the depth of the ^ 

which the velocity is requited. A float register the su^ 
face velocity which is higher than ‘he mciro ^ 

a raluction co-efficient has to be applirf to the m^n 
tcl^rity. Esperimente on different ‘i’'™ h^'™ *hown 
^o^aL to between O.Tfl to 0,81. In the Punjab a 
value of 0.8& is u^* The relation of ^rfa^ and 

bottom velocities ia sometimea expressed by the relation : 


V=0e85Va=1.3^Vb 

The method of determining velocity by floats ia not 
very accurate and is conaidered to err about 15 per cent 
in normal leather and which may be much more if the 
river flows with or againat prevailing wmda of consi¬ 
derable velocitv. 1 . r 

A chord is togged about 2Q ft. above the starting me 
of the float run from which floats are released. When the 
bno is great and it is not possible to stretch a cord without 
aacginG, the line may be marked by another set of poksw 
Velocities arc observed at the middle of each sectiQii 
excepting in the case of end aectiona which are triangular 
and are measured at 2/3rd of the width of the triangle 
flection from the edge. A length of 100 ft. will be Buffb 
cient for most of the channels* 

Velocity Rods* Are wooden polea of 1' to 2' dia., of amu^ 
form section and of varying lengths according to the depth 
of water, weighed at the bottom so ns to float in a vertical 
position. A velocity rod should float 3" to 6' short of 
the bottom and about H' to S' above the water surface. 
A rod ifl made of the same length a« the depth of water 
and BO weighed that the Immersed length is 0,1)4 of the 
depth and 0.06 is above the water surface* A velocity rod 
of this length will give the mean velocity of the charmel. 
Eat very often rods of shorter lengths have to be employed 
because of obstructions in the bed of the channel. The 
following correction factors are suggeatedi by Francis 
to be appbed in order to correct a velocity to mean 
vptooity :— 
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ild 

0.73 

0.30! 9.33 \ 0.99 

0.93 

0.93 

0.99 

0.97 

0.99 

V ULCAll 

0.934 

0.96t 9.993 1 9.D73 

0.931 

0.939 

0.939 

9.992 

9.996 

V cod 


; 1 





i 


i is the length of the submerged pertioii of the rod uaed 
and d la the mean depth of water : Multiply the rod 
velocity by the above factor to obtain mean velocity. 

If after recording three reaulta one of them diffiere by 
more than 5 per cent from the mean of the other two, it 
should be rejected and the run repeated- I^y's tols- 
aoopic discharge rod U Hometimes used. Thk type of 
rod is a doaed hollow tube made of tin and works inside 
another hollow tube which is weighed at its bottom by 
lead weights so as to make it run vertical m water with the 
top keeping about 2^ above the water level. The length 
is adjustable and can be extended up to 14 ft. 

Kor dropping the. rod into the stream (at some distance 
above the tirst ropej it is held horizontally in the hand 
with its bottom end (which is heavier} pointing upstream. 
The bottom end is lowered into the water and the rod 
is lUowed to swing fro.n I oiizoatal position to vertical 
until the top portion (which is to stay above water level) 
comes above the surface of the water. The rod shotdd be 
released with a slight forward push so that It immediately 
gets into the vertical position and tloata along steadily. 
The rod should have adopted a state of equilibrium and 
should float smoothly along with the carrent hefoiv 
reaching the first observation point. The rod travels with 
a sp^ equal to the mean velocity of the section. At least 
3 to 5 rods must be run for each section and their mean 
taken. A number of rods of different lengths arc neces¬ 
sary. All time observations should preferably be taken 
by one mail. 

The rod method of observing velocity is very easy, 
simple, convenient quite suitable and reliable for dep» 
tlsa up lo & ft. and for channels of regular sections. (Eodi 
may be used for depths up to 15 ft. when any other more 
accurate instrument is not available.) "piis method doca 
tiot err more than about 5 per cent if carefully done. 
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If there are weeds in the channel, rods wiQ not ^vo accu¬ 
rate results. The method of rod floatis applied only 
to canal oham^ation?. The advantage of velocity rods 
over surface floats ia that the rods give approximately mean 
velocity and are not so much effected by wind. 

Cutreut Heters 

There are two types—(i) Direct Action Metcm 
(ficirew or Propeller) and (iT) Differential Action {Cup 
Meters). A atm pie method of observing with a current 
meter ia to lower the nietcr {fixed to a rod} from a boat 
or a Launch in the centre of each compartment at the 
middle of gauge run and at a depth from the surface equal 
to 0.6 depth of the channel at that point, with its w^heel 
facing the current of water, this involves errors up to 
6 pr cent. For more accurate results velocity is taken 
at intervals of 1 or 2 ft, all along the depth at each section 
and averaged. Three or four observations should be taken 
of each section. For making velocity measurcnicntfl with 
current meters the channel Ls di^dded into a number of 
sections varj-ing from 2 to 20 ft. according to its width. 
The number of revolutions of tho wheel of the meter 
per second are worked out. This when multiplied hy 
the factor giren for (or rating) the iiiKirument, w'ill give 
the velocity. The factor can bo w'orked out by moving 
the meter in still w'ater at vorious known speeda. 

For the use of current meters, obHen,'ance of certain 
precautions are essential w Inch are usually provided hy 
the manufacturers with the instruments,’^ Equipments 
listed should also be checked. 

Piiot Tube : {Not commonly used} 

Is a vertical tobe with lower end bent at right angles 
and is held (partly immersed) at a depth at hich the 
velocity is required. Due to the force of flow the water 
rises in the tube from which the velocity can be worked 
out an d w h lch is represented by the equation :_ 

V=Cv^^; C ia a co-cfficient and bis the height 
of the water in the tube above the surface of the stream. 
Elaborate instrumenta based on the same principle are 
■ometimefl osed in America- ^ 
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4. EARTHEN EMBANKMENTS * DAMS 
Before commencement of work on all large embimk' 
ments, fhe oeatre line should bo marked by poga at every 
chain^ curves properly laid outj the top and bottom edges 
of the excavations and the toe of all the embankurcnte 
and apoil banks clearly loek-apitted, A complete profile 
should be aet up on everj' 600 ft. of distance and at eiery 
change of section. This profile ahoald be a 10 ft. 
of the actual completed channel or embankment with *ta 
correct heights, width and all filopea dressed, to true form. 
Tlie seat of the embankment should be prepared to 
receive the new earth and for which the whole site must 
be cleared of all trees, roots, shrubs, grass which imght 
decay and form dangerous pockets. AU loose Burface 
or sjft aoil should be removed to about 6 inches depth and 
the auHaee roughed by ploughing or digging all over. 
Small key trenches should bo dug out in the bed to umto 
the body of the new embankment to the auh-soU. Or, the 
land may be prepared by cutthng V—sbaped benchinga at 
intervals running parallel to the centre line. A tey ittnxh 
is very essential w'here the ground is porous, sandy ^ 
crack^. If only one trench is made, ita bottom width 
may vary from 4 to 6 ft., depth 3 to 6 ft., with usual i^le 
slopes. If a number of small trenches arc 
aides may be vertical, or in saw-tooth shape. AU sort 
soil should bo removed as far as posable, especially soil 
containing salts. 

Tor an embantment or a dam to bo stable, its founda¬ 
tions must be strong enough to stand the enormoim 
w eight of the dam;, slopes should be made aa flat as pta^^ 
cable, so that the Bhear stress produced in the foundation 
is le^iSi than the shear strength of the foundation material. 
The lower portions of high earthen dams arc highly emu- 
pmssed, therefore need special care. To increase cohesion 
and friction at the bottom of such dams for stability, mois¬ 
ture content should be reduced. Coarse sands and 
gravels in the foundations of earthen dams give no trouble 
with regard to stabiHty of the foundatiuos because even 
though they may not be consolidated, they w^ promptly 
consolidate as the load is applied. Caution U neceesary 
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where the foundnt ion lUAtefial cormiati of silt, f iiio uniform 
Band, or clny^ype materials. A plastic clay foundation 
ig the worst type. 

For all important dams and reservoi™ It is very essen¬ 
tial to explore the foundation strata to ascertain the exact 
properties of the soil materials underneath and. not only 
Ita pressure bearing capacity but abo the watertlghtneae 
of the floor of the nsservoir under the weight of water 
that the dam will impound. Soil should be tested for 
cohesion, moisture content, liquid limit, permeability, 
shear and eoiupression. A mattress of cement concrete 
may have to be provided all over the base of the reservoir 
or the dam in ease of unstable soils. 

The permeability of the bed can be tested by digging 
small pits about 3 ft. deep and filling them with w'atcr. 
If the surface soil is pervious and the sub-soil is relied on 
to retain the water in the tank, the pita shouid be excavated 
dowTi the sub-soil level and their sides lined with clay so 
that all percolation loss will take place through the bottom 
of the pits. In all cases the pits should bo kept full of water 
for not less than 24 hours before commencing to observe 
the rate of loss, to saturate the aurrounding soil. 

The soil of which the embankment or the dam is to 
be built is another most important factor for the stability 
of the structure which depends upon the shear strength 
of the particles of the soil and this in turn is due to either 
cohesion or friction of the porticlea, or both. Although 
sand and gravel are good for resisting friction and shear 
they are non-adheaive and cannot be used independently 
for an embankment, therefore^ clay must be added to bind 
them together; if the soil is clayey, sand must bo 
added in sufficient proportion. Clay sw'eUs when 
wetted and shrinks nr craeka in drying. Too much 
sand reaulta in too high a permeability. To bo 
stable, the embankment must be water-tight and non- 
slipping. A soil containing jHoper propoiiicms of sand, 
silt and clay of couiae, form a most stable structure, 
but such an ideal soil is seldom available. A dam of 
bomogenoouB material throoghout should be built bb 
far M possible. 
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T«6tliig Soto lor Emlaiitaient*. 

to rootat “‘“"“O" *7to *^oter a^- 

balla of the soil about 4 or ^ A eood 

nierwng them in atill a/inferior soil 

Boil wiU resist fiatnration aoU shotdd be 

will fall to piw*® ^ j ' the handa until it beooinea 

For iinportaut works, the quaUtira ol 

“tS; a-hich is ioTS, «rlS" m ToJSS 

lation losses being . mad* be detcmin- 

lee of the ®il aa regai^ abpping sAturMea m-j 
obaerrecL 

^“'“,1^*5 i“o“t"l‘^« 

^iu“ "fto 

of earth or sod, or one part of pu» “iS*X> make 

other sneh clayey sod SJ”’'„Uy i„per- 

a food euabankmcnt. Black earthy g « ^ j„ 
TiliBcuKl plaati* while yellow earth is generally sandy. 
The following proportion of materials will make a 

vateqiroof dam:— 

Sand (0.02 to 2.0 m.mO 
Silt (0.002 to 0.02 m.m) 

^jib^lTpm^rtToS will ^^slabUize &or. 
soils oonfonni^g to the 

blending of eoile haa to be resorted to the following spemii 
cationit may be used:— 

Plaaticity Index—8.5 to 12-0 _ /an-j 

Lnd content not lees than 35 per cent by weight (sand 


eOtoSOp.c. by weight 
12 to 25 
S to 15 
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being the fraction retained on Ko. 36 Sieve). If 5 p.e. 
oeaent is added, blncks can be made (see under ^^StabOLzed 
Soil for Building ConKtruct.fon in Section 7. J 

It ’ftilJ usualtj make a good stabilized soil with 70 p.c. 
sand and 30 p.e, clay (or mlt and clay together). If aggre¬ 
gate is naed, the proportionfl ere 

S^d 50 p+ c, I The aggregate ahnnld be 

17 p. c. I J' downwards well graded. 

Aggregate 33 p. c. [ 

IVom 45 to 00 p,e, sand should be retained on No, 60 
mesh B.S. sieve. The clay content should be more in dry 
areas and Less in wet areas. 


To teat the mixture : Ram 


Coarse gravel 
FI ne gravel 


53 p. c. it moist into a bucket and 
20 p. e, then ascertain of [t will re- 
fl p, e. main in the bucket when 
12 p. e. turned upside down. 


Sand 

Clay 


If the whole of the embankment cannot be made with 
the above stabilizing mixtures, at least the core wall should 
be so made, 

(ThiB subject (atabilized soil} has been treated In detail 
under ''Stoil Mechanics"' and 'Roads.") 

The more and the lees pervious matertala must not 
be so distributed, generally and locally, in layers, that 
water will be trapped so as to develop uplift or bursting 
pressure or seepage. 

Clay soil in a confined state is not only highly impenne- 
able but is also very retentive of the w'ater absorbed 
and pure clay in the heart, of a big embankment 
when once in a suitable plaatic condition will retain 
moisture and remain plastic in a very dry climate for a 
year or tw o even if no water has b^n standmg against 
the bank for such a period. 

Earth for embankments and dams should not be tsken 
from salt affected areas; peat or other soils which become 
soft and fluffy during winter must not be used. Material 
containing organic matter, humus, tree roots etc is 
not to 1^ used Avoid grasaless areas for making borrow 
jntfl. The earth selected for hearting (oentral 1 to I of 
the cross section) and more especially for the water ade. 
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should be the best earth avaiJabLe ntitable for tile making, 
and sufficiently rich in clay ao aa to be highly Impervious 
but not so rich as to crack on exposure to the anq. As 
Far as iM^ibJe all the eaxth should bo of the same quality 
of material throughout. The more sandy or stony soil 
should be used for the outer side of the embankment. 

GompacOoa of Embaukments, The object of oompaotLng 
toils is to improve their properties as regards Htrength, 
liability to settlement and rcsistanoe to weathering. All 
earthen embankments should be thrown up in layers not 
exceeding 0 Lna. to I ft. (depending on the hardne^ of tha 
soil and the weight of rollers available for consolidation) 
stretching right across the whole sectiom On no account 
must an embankment be originally made of less than tha 
full width witn a view to widening subsequently. When 
tommencing wort it is desirable to take earth first from 
the more distant pits gradually lessening the lead as the 
work rises, so that all earth is thrown into tho slope and 
not tipped over. Side slopes should be carried up sirnuU 
taneoasly anth the rest of the work and not filled in after¬ 
wards. 

All large clods should be broken up in the borrow 
pits and no dods larger than a man's fist should be brought 
on the banks. Ramming is not enough for erushing 
the large dods completely, which can bo done effectively 
only by heavy rollers. Each layer should bo rolled well 
until all clods are flattened. Any roots, grass, jungle or 
other nibbisb should not be buried in the b^ks along 
>rith the earth. The width of each layer should be a 
little in excess of the width required fay the cross-section, 
of the bank tind the slopes are then dress^ off to the final 
section. Each layer should be laid with a alight slope of 
about 1 in 12 towards the centre making a concave curve. 
This allows for tome rain-water to be held up and help 
the bauk to settle donii quicker, and it also proven U the 
side slopes from being w^ashed down. If the ramniing 
Li to bo done by manud labour, the layers should not ex- 
t'^ed S inches in thickness. Compaction of banks can also 
faa done by camels or bullocks, in which caae the layers 
of earth may be 3 to 3 inches. 
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SuJUl)ilitf of HoUfliS, and BoUln^ 

Sheepsfoot rollers are amtable 
cobeaive^ils at low moisture eonteats. Pneum^ic tyr^ 
Ire most suitable maohines for compac^ aod^ 
in embankments. Smooth-wheeled rollers ore 
For most casea of sub grade and 

confined areas, rammers for clay soiifl and vibra g 
machio® for granular soils are most convement. 

The orgamsation of filling. 
should bo^h that newly debited 
roUed smooth immediately in order to rnuumiae the 
X moisture. RoUiug on a dry earth la^r js n*le^ 
Earth can be compacted by sheepefoot -y 

break down and apread the large sod lumps. .Tb" 
should then bs completed by smooth rnllere, gr^ 
eieht complete coverage passes per layer. j 

S advLble to pj a light roller o^ Uere 
laver in order to bring it to a level surfai*. before worwr^ 

a heavv roller. To prevent the materials sticking to 
«5:i7d^ e^rth sh™ld sprinkled on the surfa* be- 
fore or during consolidation, if necessary. No wate^ 
Ihould be al&wed until the layer has be^ 
rolled Flooding with water to effect comt^taon of the fib 
is a bid practice. Water should be apnnkl^ over the ram¬ 
med lay^^ before the neat is spread for the two lay^ to 
ildhere^ Consolidation is done at “^tunum 
content " ^'Rolling" baa been desenbed m detail m the 

in height should bo made for shnnkago or Bettlement oi 

earthwork ^ 

Soft or loose rock . latente or gravel . - i 

Firm compact earth .. * 

Oridnary loose earth - - - * - 

Blackootton soil .. .. .. o 

Some authorities prEsscribe the following specifications 
for flcttlement of channel hanks and earthen damsi— 

Make an allowance per foot of vertical height of 
inch on all works rolled and watered, two inches 
works rolled but not watered, snd three mches 


one 
all 
on all 


on 
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workfi neither rolled not watered provided works which 
have pae^ through one monsoon shall be considered to 
have attained to 50 per cent, through two monsoons to 
75 per cent, and through three monm>ons to S7| per cent 
of its Tmal settlement. 

No matter how weU an embankment has been consoli¬ 
dated it will keep on settling for some years due to lU 
enormous weight and the rainfalls. The total vertical 
settlement of a wcU-consolidated embankment ia about 
l/iSO of its height. 

The process of compacting soil involves the packing of 
the soil particles, and the degree of compaction is measur¬ 
ed by the hulk density (see under "Soil Mechanics”) of the 
Bolidflinthe aoil. With a given amount of ramming or 
rolling, there exists for every soil an optimum moisture 
content at which this eompaction will produce a maximum 
density. 

Suggested Methods of Embankment Compaction 
with Various Plants 


Plant 

Silty and 
heavy 
elays 

Sandy 

soil 

Gravel, 
shingle or 
loose Hand 

Pragmenta] 
root (not 
Ovfir 4' eire) 


, Thiokneea of Isyere 

ahoep^foat 
roller or tractor, 
dumper, etc. 

fl*toa' 

- 


Lfjqn 

■and 

Hbonld be 
damped 


^toa amDath roller 


S' to 12- 


-■ 

Tractor equipment 

-- 


12' 


Heavy amooth 
rallera 


... 1 

rr. 

12-to !4- 


I AIk similar table in the Seetjon "Rcuula and Highways" 

und(>r Rolling,) 


On all importunt embankments it is desirable to ascer¬ 
tain by compaction tests the densities of the sod that ohould 
be obtained in oonstmetion. 

In banks over 3 ft, in height in OOltoo aons a topping 
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of moonira or other suitable water-proofuig soil muat be 
laid to flt least A third of the height and continued over 
the side slopea. Before the eommeticement of the irion- 
eoona continuous longitudinal earth bunds about D ins, in 
height and 1 ft. wide on the top with aide elopes of 3 to I 
mav he wade on the outer edgiea of the top erabanhmerit, 
also cross bonds of the same dimendons at 25 ft., 

so as to impound rain water to eicpedite conflolidation, 

StabUliiag Side Slep&s against slipping* Side slopes of 
embankments depend upon the nature of the material u-^od, 
HtabiUty of the material under conditions of saturation 
and its resistance to percolation of water and to slipping : 
bearing jiower of the foundations is also con^dered. The 
stability of earth depends on the ease and rapidly with 
which It can be drained of all siipcrfruoiia water; slightly 
damp earth is Btable while saturated earth is very unstable* 
Sometimes shallmv herringbone drains are provided to 
trap surface w'atcr running down the slope and lead it to 
the deep counterfort drains. 

Low dams can be constructed with much steeper slopes 
than high dams; for heights above 8 ft, slopes should bo 
flatter. Slopes are made flatter than the natural angle of 
repose of the material and the uputreaui portion, unle.^ 
protected by pavement* being laid fiatter thflu the angle 
of repose of the matcrisd when wet (under water). (Satiu 
rated earth assumes much flatter slope than when diy). 
Cohe«vB soils yield and slip under pressure w hen saturated. 
A flatter slope is necessary on the rear side to keep the 
earthwork above the *'line of saturation" (described else¬ 
where). A bank is considered to be safe if the eatum- 
tion line is covered by at least 2 ft. of soil depending upon 
the nature of the material. Some engineers consider that 
tank-imnds should be designed of such dimensions aa to 
ensure not less than 3 to 5 ft. of material on the outer slope 
vertically above the hydraulic gradient line. (^<“0 under 
"Hydraulic Gradient" and the Illustration showing "Ti*pi- 
cal Cross-sections for Channels".) 

Stability of slopes can be increased by the const ruction 
of berms of hard material* or hand-packed stone filling 
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ikiDg tke toe of tliB «kiw. The nmorel of the eoit from 
the top of the fllope, in the form of m benehtcg, or leaeomg 
the gndieot of the slope will slso improve stebilitj^ 
Sheet piling driveti into the groimd near the toe of the 
slope wiH dso incFceAe the factor of safety againet slip* 
ping. Vegetation had been mccenfully employed In sta- 
hilmwg alopea; apart from reducing the moisture oontent 
of the eoil, the network of roots acts as a reinferoement 
in the eoil. See under "Stabihtj of Bank Slopes"—Ke- 
tatnmg WalU in Section 7. 

tolfahlw Side Slepei tn Vuioas Kinds ol SoQs have been 
tabulated ebewhere in this Section. 

If a layer of stiff or hard soil (of appropriate thkkneea) 
ie put on a soft or loose soil^ a steeper elope can be 
roanaged. Slopea can also be made steeper by providing 
stone pitching. Where it is proposed to protect the slopea 
with turfing;, a top layer of suitable sod (wTOurable for the 
growth of graaa) ahotiJd be laid. Jn most of the soilSj bank 
alopea of 3 : 1 for the lower slopes artd 2 : 1 for the upper 
■lopes will be found suitable, as shown in tbe dhistration 
at page 17^5. Under favourable eonditjons of aaturation 
and draw-down 2 : 1 alope for low embahknienta abould 
sufBoe but for sandy doUs, even 1 ; 1 may aot be eoffi- 
cieutly flat. 

KfdnaUe Gndlaat; la tu f tt laa GndlMt; 7no|allai 
Gfidieil ; Une «f SatmaliOD or Saepage and F^rociaaon 
Una are aD synonymous toima. It u a l*ns m^de an 
embankment marking the boundary between wet earth snd 
damp 07 dry earth. 

In the case of eartben embankments which hold up 
a depth of water against one face, the bank becomes 
gradually saturated by peroolat&on up to a certain level 
ooDstitutiiig a gradient or an Inclined line fining from 
the point where the water touches the embankment on 
the Upstream faee. Hiis inclined Hne is called tbe 
Hydrai^ Gradient for that soil and belov which the 
embankment portion is saturated. This is dne to the 
pitiesarB of water^ and the more the soil is porous the 
«s ia the resistanoe to percolation, and tbe flatter the 
hjdzaulio gradient (or, more water-tight the material. 
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tile iteepeff inll be tbe liw of aetormticio), 

Ttw |il*nai of the mHkfss of peica^tJoD weter ie oeUed 
tK*t ojK^wiaiiimorpiToolation lod if thv cntA the outer 
ikoe of the vidble fkiw will &pp^ elong end Wow 

the liM of mUTBectaouu The hydreuBe gredo line mtut 
{bH wi thin the toe of the benk be corend hj et Iseet 
t ft. of aoil end which ahotdd be moch moire in the cepe of 
liver emheohmenta. Rcer benoe (10 to Ifi ft, wide) mey be 
^vided to ^re idcquete csover to the wepe^ Hne. Hie 
^dmohe gradient can be obeerved by inetefling e Bmall 
pipe with atninrr^ of eey, 2' die., TerticeHy in the eni' 
benkment, it will here wmter lismg up to ibie line. The 
leUtire perfCteebilHy of different kinds of salt mey be 
oorapeied by obeereing the respocrtj're peroaletioa g^edi’ 
ente the tame cooditiDnB. The Tekxety of peroo^ 

hi frvTn in Tcry nneU when oompared with surface flow 
end ^«riefl with the pomeabtlity of the soil being propor* 
tknetely greater In a ooerw eoil tbea in fme one. 

Core walla of poddlle-cley ete« reduce the aeepage weter 
and prevent the flow hnefl from cutting tbe downetreem 
face of the embenkment. Sometbnes filter nuUeriaie 
eie ptaoed on the downetream toe to proride free dreinege> 
which will force the aeepage Itnet down. Filter meteriela 
can be placed in aeveral leyemp eeefa layer coaner than tbe 
leat. 

Ihe hydrenlk graida line ia generally ea foDowt 
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For nila in the Punjab r (for canal banka] 

Where F.S,L. ia op to 4 ft, above natural aorface— 1 in 4 
4to6ft. ,, lni5 

M /» Uft.ortnoie ,, „ linU 

If the foundation of a dam or an embaiiktoent ia f>ei ut** 
able, water wiD percolate nnder the atnicture. which will 
be steeper as the head is greater. To recnedy tha, the 
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hsee widdi of thfl work ia made wider or » "cut-off'" v«Jl 
is bailt In tlie centre op to a bartl bed where A^aolable, 
or A blanket of wAter-t^t material » provided on the 
opfltresm aide. 

Percolation throxigh or under a work dort not effect 
its stability unless it is of snifideut preesure and velocity 
K} as to distgrb particlea of any portidda of the work. 

Free>boArd. The height of free-board varies with the 
importance of the embankment and the provkiona for aafet j 
esaentUI and upon the height of vrAves which depend upon 
the depth, len^h or fetch of the lake and wind condtttorw. 
Violent winds may cansa wave dashing to a height of 10 
to 1C ft. Height of wave in a reservoir is woiked ont by 
the formula ; 

H 1,5VL-f [2 JSh-(L)*] 

H is in ft. and L is length or fetch of the lake in miles. 

The ^e-board is generally kept 5 ft. for heights of 
dams 15 ft, and tmder and 6 ft, for heights 16 to 25 ft. 
Above 25 ft, up to 60 ft it may be 7 ft. Free-board aha 
allows for any aeddentaJ settlement of the dam. 

For embankments of rivers the height of free-baard is 
the same as found adequate for dams, and Is generally kept 
about 5 ft. {and in exceptional cases tip to 10 ft.) above 
the designed high flow level. Fne-board ahould he 
able to provide for earthwork in emeigency to elose smalt 
laakes. 

Top Width of D*ms and Emhantmsnts, The minimiun 
top width of an earth dam n 0 ft, up to 15 ft. height in¬ 
creased to 32 ft. up to 60 ft, he^t of dam. EmpiricaJ 
fortnulae for deterndning the tup width in feet :■— 

H 

(i) w-=v^-fa («■) -5- 

If lop vridth is kept narrow^ the rear slope will ha ve 
to be correepopdiDgly flattened to acoommodate the 
tme of saturation. 

The following dimeusaaos may be taken for bnuda of 
fninor tanks :— 
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Beptli of 
water 

Bivw]th of water 
spread 

Tan width 
of bund 

6" to vy 

Under StW* 

4^0r 

It/ tc IS' 

soa' to 

s'.or 

Ifl" to ^0' 

900' to isoa' 

ft'.or 

Ovw !0^ 

LSOO' and abCTe 

B'.o' 


Fc«-bo*Td 


3'^ 

4^(ir 

a'.o- 

a'.sr 


A wide top has tne ativanwge oi oeing ™sea vy 
emergencKS and also to provide material for doeing of 
bleaches or filling up scour boles. . r 

The top of the bank ahoold be given a slight slope for 

drainage to the land side* 


Junctions In Embankments. When adding new earth¬ 
work to old (raifling in height or nideningb the old b*^ 
must first be cut or "beached” into steps with the trwu 
sloping slightly towards the centre of the embankment and 
when throwing on the new aoU the surface of the old work 
diould be wetted so that the new wrth may adhere to the 
old Similarly, junctiona should also be roado by catting 
Krips or forks" into the aides of the old embankments. The 
lew earthwork shonM preferably bo added on the 
atroam or river side of tbo embankment where it will be 
pnMud on to the old bank by water presenroK 

Cbolea Of Sltt for AUgnnunt of RItw Imbankmanls. 
The most suitable alignment is a matter of judgment and ia 
fixed from various coanderationfl depending largely on the 
behaviour of the itream as regards shifting itBconrae. A 
fltffld emba nkm ent very neat the river ia prone to attack 
torn river eroaioa which will shorten iti life, and where it 
cannot bo helped, atone pitching should be oonsids^ 
Embankmentfl made some distance away from the river 
wise lees laterference with the natural operation of tba 
silt distribnrion by tbo river over the country and raisng 
its level. Such embankments, by providing a wider water¬ 
way enable tbo high flood water level to be lower than with 
closer banks> create arUfirial storage for sometime. Wider 
banks are more eapoDKve and require longer lengths of open 
heads. 

The alignment should, as far aa poasible, follow strai^t 
lin«B avoiding sharp oonura. The h%h«t lai>d practloaDle 
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chould beaelcftedn but cft» should be Ukeu not to tnyeree, 
if poatible, ground which la sandy, friabk. cracked^ impre* 
putted with aalta or otbwwiM unrdjabk^ It will sometimea 
be wcwary to baTO a double line of flood embankniexits 
In plaoea where the Hret line is in any aort of danger, 
either from river erosioii or from ordinary bteaehmg owing 
to low ground or bad Adil. A second buzid Is also neoeBaair 
where the breaching or deetniction of the first bond wiU 
' cause wide spread dunage. No embankment k safe against 
river scour and a bund does not aim at holding the river 
permanently to a particular coume- Therefore, schemes 
abould be at hand to oonstnict new rear embankments it a 
safer distance the moment river threatens the front embank* 
ment. 

Breaching Seetloiu are sometimea provided in dama 
to guard against overflowing and breaching at dangeroiw 
places; they also serve as a warning. The dam Is made 
amailer in cross-sectlon at such places and the top level 
is also kept lower by about 1 ft., but it is made etrong enough 
otherwise to be safe under ordinary dreumstanoas, aj^ 
which can be cut away rapidly when required. The water 
from a bresching section is led away into a channel mads 
for the pnrpoae. 

FUltm of Earthen Etabankinents and CZo^og of 
Breaehei. Fsilum of au garthen embankment can be due 
to various causes such as : 

ft) Erosion due to velocity of water, action of waves, 
rain and wind. Froeion causes sllppiiig. Stone 
revetment k mode or pitching is done, as cxplslnetl in 
the following pagov. 

(ri) Overtopping due to msafficteDt height of freebcuinl. 

Maximum failures occur due to this cause. 

(iii) Percolation and kakage due to inaufTtcjent 
ramming of the embankment and porosity of the 
materiel. The leakage water washes away th« sioil 
and caves are formed in the bund. The percQ* 
latkiD may be under the foundation or through the 
bund proper. 

(») Supping due to steeper slopes than the matcriais can 
stand. It is generaUy due to the ovcrsatniatimi of the 
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dovnstreBm Aide of tbfl bund wtUeb bai inauflicieut c<> 
vor. The bund mmt st-ay vrjthln the ■ ILue of aaturatioa" 
m explained eajr'ier. Proper drainage should be provided 
by putting in granular niatennl on I'.ho land aide toe 
to drain out the surplus water. When a slip bii 
occurred, all the slipped portion and the lews* 
and sluaby stuff must bo removed and replaced 
by fresh" dry material. Tbs site of ibe ^pped 
portion abould be stepped back or benched and, 
fresh soil added layer by layer, well rammed and 
brought to the proper slope^ 

(r) Leakage due to cavities or holes formed by the 
burrowing animals or insects and rats. Ffol-lowii on* 
also formed duo to roota of trees which have decays 
od, leaking outlet pipeo or conduits. Efficient patrol¬ 
ling of the banka should detect these before they 
develop into breachea. Slopes and tope of embank¬ 
ments should be provided with a layer of hard material 
which the burrowing animals cannot penetrate. If a 
sand-coro is provid^ the Band collapses and fills the 
rat or ant boles and the leakage stops. Breaches also 
occur due to intentional cuts by cultivators. 

(nil Due to eaceas supply the hydraulic grade lii» n*» 
op wetting the portion of the bank which was never 
wet before and which settles down the dry earth of 
the bank above causing a breach. 

(siil General defective eonstractioit and maintenance can, 
of courae, always be a oatute for failure. 

Cloilng Leakages. If the water flowing through a leak Li 
sluggish and dear, it may bo seepage water and there is 
no immediate daiiger but a muddy water flowing with some 
force shows that the soil particles of the bank are also being 
washed away and need immediate attentiou. Correct lo* 
oaiion of the hole ou both sides of the hank is esseotialj 
which may not always bo perpendicular to the bank. There 
is a whirUng action in the water just above the leakage hole 
if it is of a big size. If the hole is small and some heavy 
turf sods sre thrown on the surface of water near the appro¬ 
ximate location of the leak, they a:re attracted towards the 
leak there, and may come out at the rear. 
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Leakoigti cftn be closed bj^ thuowtiw uvdnst, bran, 
powered dnos, etc.^ joet apstream of the lealEB. The staff 
is earned by water mto the leaks where it Hwells aad stop# 
the leaks. Hoke can also be filled in from the front 
with balls of day and turf whldi can be pushed inside into 
the holee. A method for dofdng big leaks is ta out an invert* 
ed T*ehaped trench a little abo^ the water line outside 
the bank sj>d the entire leak is then opened out starting 
from the exit side, and all is filled with best m&terid 
available (Loam is ideal for the pnrpoee), eoftened with water. 
The trench aide should be made in atepe for good bonding. 

Closliig of Breaches. Before starting doeing of a breach, 
labonr and mateml (such as earth, sand, gunny bags, etakea, 
brushwood) should b« collected at site in sufficient quantity. 
If earth is not available at site it can he obtained by cut¬ 
ting the outer ekpe of the existing bank. Enough earth 
should be collect^ on both sides of the breach on the 
existing bank. Hie ends of the banks should be protected 
first to prevent further widening. The process sUrts from 
both en^ by slipping the earth from the heaps and pro* 
tecting channel sides by grassy clods nsnally available 
from the berms. Earth baskets should never be thrown 
in the water, A wml^eironlar bond (ring bond) may be 
oemstmeted on the water side with stakes, brnahwoodL, 
mats and earth, etc., and water baled out. The sidea and 
bottom of the existing bund at the breach site Bbould 
be cut into steps to rei^ove all loose material and to 
form good bond with the new material. If good soil k 
not available, provide a core wall. 

□osfng Breuh« In Big Canals. This k usually done by 
driving a double line of stakes and filling jungle in between 
the stakes pressing it down with bags rilh^ with sand and 
by men wdldng over them, a temporary bank of gunny 
b^ ia thus raked in the position of stakes and biding. 
Straight closure io hu^ channels is not poniblo. Ko earth¬ 
work elionld progress before the flood through the breach 
haa been arreted to eome extent in this way. The closing 
of the breach is done by constructing a ring bund bshind the 
liw of stakes. Earth is slipped from both sides to form the 
ring bund. 
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Protection from Action In nooic.^lieii banks Arj 
np during nop-ranijf dajBy the booI matcripJ of the banks 
be^mee friable and cannot stand the action of waTca. 
Where planUtkm ii poaaible^ p^ehi. aarkanda, kikar » 
willow abould be planted for a width of about 100 ft- in 
front of the toe of embaiikmeDt as the exiatenoe of such 
brtakfl the force of the waves.Where practkablep 
gran should be allowed to grow on the aide (dopes bdow 
high f kmd leTol on the water side. The pturisKn of betck 
pitchiog or looee stone protection on the upstresm fa« 
will ensure e^ety of an earlhen dam sgainet wave aetka. 
Wave wash can be prevented by Inserting a line of atakee at 
the water lina along the inner slope of the bund end inter¬ 
twining twinga of bushes. As a temparary measure ^ gunny 
bags full of sa nd or earth can be usi^. 

Borrow Pits, Borrow pits should be rated veh away from 
the embankments and should be so located as not to cut the 
hydraulic grade line but to leave some cover above it. 
No pit in the bed of a water tank should be excavated near¬ 
er than twice the height of the dsm from the front toe of 
the bund. Some engineers recommeDd that borrow pits 
should not be nearer than GO ft.f or even IQO ft., from the 
toe of an embankment^ and not nearer than 30 ft. of the toe 
of a big canal bank, and 10 ft. of the toe of a small chiunel 
bank, &it if the depth of the borrow pits exceeds 2 ft., the 
distance should not be less than 15 ft. M far as possible 
borrow pits should not be excavated on the land as 
there they incresee the infUtratkiiii hesd aetiug on the 
embaokment by the extent of their depth and teiid to 
cause the eml»j)kincnt to lesk. Borrow-plta should b« 
as afaallow as possible and not more than 1 it. deep in land 
acquired temporarily in cultivated areas, otherwise 3 ft. 
trax.p snd no pit should be excavated more than. 5 fl. 
deep within a dfistance of 100 yards from the front toe of an 
embaiikment. Borrow pits should not bo eontmuous as 
otherwffio they will form a channeL At least 10 ft. wide 
•trip should be left unexcavated in every chain or so. A 
spsc?e of about 6 ft. should be left around all pita for tbs 
workmen to pass. Borrow pits ahould he in muJtiplea of 
10 ft. lengthii. No pits should be dug in tbe centre portkm 
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of ■ dunnel berm nor in a canal bed be^lgir bed lere], except 
u detailed belcw. Where earth most be obtained from 
Dear a canal bank, the pita abouJd not be more tHan 
A tns. deep. 

BofTotc pits in ftedj 0 / fhamiiU : In the caae of large 
cbannelB borrov pita caji also bo pnt in the bed Leaving 
ft. berm & 01 D the inner toe of tne banks on either side, 
and a width equal to half the length of the pita between 
each pit. The width of such pits should not exceed half 
the width of the channje] and depth I to 2 ft. below the 
bed. These pits get silt^ up ii^3 or 4 weeks^ running 
ajxi they form a partly watertight bed. No pita ihould be 
dug in beds of channels in which no silt is ordinarily de^ 
posited. 

For Bhakra canals, borrow pita in the beds of tmlined 
hrm&chsa, to get earth ibr banks, were specified to be dug 
up to a max, depth of 4 ft.; length not more than 40 ft. 
leaving 10 ft. rid^ between two adjaoeot borrows. Width 
i ft. lees than the bed. width of the canal. 

Pita should not be dug near any mseonry works 
or within 20 ft. of where footpaths or cattle tracks crosa 
a ebajinal as they tend to cause the inner dopes to the 
channel to slip down. 

Borrotr pits in 6emu: Borrow pits may be dug in the 
berms where they are too wide and l^ely to silt up rapidly. 
The earth should ordinarily be obtained by cutting vertical 
pockets, long lengths of which should never be dug down 
to below Water level. The length of poehets should not 
exceed the bed width of the channel or 10 ft. which' 
ever is lees. Spaces left between the pockets should not 
be of leas than 5 ft. width. 

Ptteihtng^ Pitching is a covering of some hatd material 
such as, stones, kankar blocks, concrete blocks or bricks, 
^xid over slopes of earthen embankments. If poasihle, 
one rainy season ehouM be allowed to elapse ai^ bank 
given time to settle after It hsE been built, before pitching 
or any kind of stonework is commenced. Slopes of embank- 
meiits shoukl not be steeper that 1:1 but 1^:1 should 
be adopted. Rough stones are moot generally 
for pitebing with a thicknesi vaiying from 0' to 2V 
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Recording to th« velocity ot vavt action of the water. Tha 
etonet should preferably be packed and firmly embedded 
over A bedding or bacldng of 3' to 6' thick layer of ffmall 
broken etonep quarry nibbi&hp moorump gravel, ballast or 
smaj] kankar, well consolidated over the earthen slope to 
prevent the earth from being sucked out from between the 
Stones by wave action. Pitching shouH be constiracted 
at right anglee to the slope to be safe against RliHing . 

The pitching stones should be the heaviest available 
that can be handled, and roughly cut to fit in pit^rly. 
Stones should be tightly hand packed and laid with their 
broadest face downwards, with as large a proportion of 
through atones as possible, giving due regard to bond. 
AH interaticce, hoUowa and inequaUtiee between stones 
should be filled up with smaller piecos asd wedged up t^ht 
with spalls driven in uith slight hammering. The outer 
face of the pitching should be made as smooth as poaaible 
so as not to set up eddies that may cause scour lower down. 
The toe of the pitching should generally be carried 2 or 
3 ft. below the foot of the slope {mto the ground}, or a sm * !! 
retaining wall built, in order to give it a footing below 
satUAt^ and soft top soil of the tank bed, for the 
stability of the pitching and sexmrity of the alo]^ agamst 
slipping. The pitching should be widened out at the 
toe (near And below ground) so as to distribuie the preesure 
over a wider area. Where the bank is of a soft and erodi- 
ble character, the foot of the slope may be secured by piling 
instead of a small retaining wall suggested above and the 
thickness of the stone pitching also increased downwards 
at the rate of 1 inch per ft. The topmost course should be 
borizontal and laid in one level line throughout the length 
of the embankment, preferably in mortar, and rounded 
off at the comers in side patching. Pitching should be 
at least 3 ft. higher than the High Flood Level and if 
possible, should not be carried up to a greater height than 
10 ft. without giving a berm somewhere. 

When concrete or kankar blocks am used they should 
not be k«s than one cubio foot in ska. Where brick 
pitching is uaed, only one brick should be plAced for eick 
oourw dtber as a header or as a stretcher to prevent ■ l i dm g, 
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In rainforoed brickvark pitching, care ahould be taken 
to leaye expAiuion jcinta vertically at aultablc interrak j 
thfl bricka are [aid with ftog downwards. Where atosw 
pitching is to be pointed or gronted, the voids should be 
filled np with small chips or gravel and then pointed, or 
Qoncrete grouting poured in. 

Reretmeot 

Kevetment ia a facing of dry stone pitching or other 
material laid on a sloping face of earth to maintain the slope 
in poeition or to protect it from erosion. Revetment ie 
generally constructed with a slope of 14 to 1 or 2 to 1 for 
ordlnerr eoik which may be increased to 2 to 1 for ssuidy 
soils, ^Tiickness of revetment generally varvea from 1 ^ ft, 
to 2| ft. according to the hei^t. Other details ^ven under 
"Pitching'* ahould be followed. 

Where stonf» are not procurable^ mattress formed of 
brushwood may be used, which are bundlee of biwnches 
mA twigs S to 12 inches diaineter and abont 12 ft, 
long bnriTifl with tarred ropes at intervals of 4 ft., laid 
side by side and tied together, Tfaeee brushwood bundles 
should be secured by stakes or short piles to the bunk on 
which they are deposited. 

Core-Walls in Dams and Embankments 

The object of a core wail is to provide a barrier to the 
passage of seepage water from the water side to the rear 
of the dam also to the passage of burrowing ani- 
mtik who cause dangerous breaches in embsjikjQents, A 
oorO'Wall may be of oompact day puddle, masonry (oaUed 
a diaphragm walll, concrete, or plauks driven as sheet piling 
for small or temporary dami^ taken dowm to impervious 
strata. The cocC'Wall may be located either in the centre 
of the embankment or on the water side of the lilope. Both 
the methods have their owu merits and demerits depending 
upon the materials used and other conditions. Although 
the ootcr eore-vall prevents peioolation of water Into the 
dam but it is open to dtaddng due to alternate wetting and 
drying as a result of fluctuations in water level, and injoiy 
doe to settleaHuit of the slope, 

(See also under "Stabilized Soils for Embankments**,) 
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The puddle core vail ia gencnJly 4 to & ft. wide at the 
top And both aides batter outwmnls about 1 In 12 or 1 la 10 to 
the ground level below which the thicknew ia quLcklj re< 
duced to about 2 ft. wider than the top width and carried 
down at this aa far u neoessacy. The thickn» moat be 
increased if the puddle clay a of poor q uali ty. The 
top of the core waflia kept I above the H^F.L. and 

3 to 3 ft. below the top of the embankuieiit. 

It la always preferable to make the whole embankment 
of one homogeneoua watertight materiaj and do away 
with the core wall which is liably to produce cracki and 
other defects in the body of the dam due to unequal aettle' 
menta for non-homogeneity of the materials constituting 
the embankment and the oora waD. The earthwork of 
the dam near the puddle needs to be specially selected 
and well consolidate to minimize unequal asttlemeDt of the 
earthwork and tho piuldle oorOi 'Oie dry soil around the 
puddle core extracts the moktme in oourae of time. The 
eonstruction of the puddle wall should be eanied up 
simultaueoufily with the earthwork of the bank. At ground 
level a auitahle groove or noee is oonatructed into which the 
puddle core is kej-ed, A covering of 3 to 4 ft. of ordinary 
earth must be placed over the top of the [ uddle core to 
prevent Bhrinka^ and Hwctling due to exposure to atmoa* 
phene changes. Where the hri^t of the dam aicwds Ckl ft. 
a masonry core wall should be preferred to a clay wall. 
It is the compact clay core which 0vtm real rtrength and 
impermeabUity to the dsms. 

The water tight bamer is known u Cort^toaU where it is 
above ground and os €tU-qff when below ground. 

Sand Con. A sand core is Bometimea provided where 
the embankment has to be built on an unreliable 
ia/risA eoil. It le keyed 3 ft. into the gnmiid 
and carried up to the high flood level lino, giving 

4 to e ft, width at the top with tode slopn tbe sand wiL 
naturally etand. The csjre wall is usually provided in the 
eeotrt of tho bank, but where it is to ho added later on, It 
may be provided on the upetroam slope with auffiownt 
«viM of e^h over it. If mnj hotre or cavitiee are formed 
by borrowing animals or ants, the eand odlapeee and fills 
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“tho holes and bivftchas are avoided. 

CUjF Paddle 

A pure clay dost not make a good paddle although 
It may be sufTicifintly impermeable to water, as it La Habla 
to crack. An admixture of about ^ to 1 part of sand with 
2 parte of clay (exact pfoportJon depondkig upon tJis 
nature of the day) will reduce Hhrintage considerably. 
Clay coatainlng sodium carbonate is oouaidered to be the 
beat and tbe c^y suitable for making roofing tUea quite 
gwd* Where sand in not easily available moonim should 
bo tried but the mixture most be free from stones. ^Vhore 
black cotton soil is found it ehonld be mixed with moorum 
in the proportiDn of not leas than 1 to 1, prefer 2 to 1, 
laddie core of sueh materiala should be thoroughly teebed 
before attempting any important oonetructioos. 

The clay sbm^ be dug up and left exposed to the acr 
in layers not more than 12 ins, thick for at least 2 to 3 day 
and watered a few timea a day. The materials for making 
puddle ehonld preferably be passed between a pair of rollm 
placed not more than | in. apart so as to crush any stones or 
present, before being mixed with water. The soour- 
ed day should be pawed through a pog imll or otherwiw 
worked up by mea'e feet into a smooth homogenooua 
plaatio maw, only just auffident water beijig added. The 
oorrect ooQsatenqy for a good puddle ia that at which it 
be equeexed in hand without any appreciable quantity 
a^ering to the hands when the pressure is released. A 
piece of clay puddle when dried ehocud not shrink more than 
4' (preferably 1*) ud not lew than f', per linear foot 
Or it will probably not be suQicieaily impermeable to water' 

The clay paddle should be consolidated compact and 
deposited ia layeira not exceeding 6 inches in thicknow and 
layer should be well moiatened before new layer is 
1^ and must be well incorporated with the layer below 
by makin g cute or "keys". Special precaution^ are taken 
to prevent the puddle becoming dry a^ it will otherwise 
oraok. All puddle which has be^me dry or has cracked 
must be repUood. There should not be any rteht angl^ 
bi the croBaafHtioiii of tbe paddle wall or trench^ as these 
might produce fimBres or eraoks in the puddle. In boikl* 
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ing ft clftj txjTB^ thfi clay afaould be '«mt4Uiud Tithjji boudi 
whicb can be raised aft the dam is built up. Ideally^ each 
Iftyer of puddk ahould be continued onr tbe whole length 
of the cote-wftli before another layer in placed^ but in 
prootice thifi ia not alvayB posable^ 

Cnt'Otf Trench. In order to render the fonndatiati of 
the dwn impervioue to seepage water a "‘cot-off" trench 
la mode in the bed under the datn up to such 
a depth that will prevent water from the reserroir percoift' 
ting nndameath the dam. The ‘eut-off' trench is made in 
the csentre of the dam, over which the core waU n boilt^ 
Ho&ea may be drilled oD along the bed of the trench 
and thorongbly grouted with cement so oa to provide 
ft deep eartain below the bed^ wblob is impervioui to water 
(described belowl. The trench is filled with paddled day Cf 
eoncrete which is weU bonded into the bottom of the trench 
by keys or goovee to eneure water-ti^tnese. Fuddling in 
the trench is oarried ont by heeling by feet by worko^* 
The uftool depth of a “cut ofT' trench is 20 to 30 ft. (even 
100 ft, below the aarface is not uncommon and atfll deeper 
wftDs bare been buHt in England) and width 6 to 10 
according to the depths 

Kof Tftnch. A trench made under river banhi which 
has the same functione as a cut-off trench and increases the 
path of percolation of the water. A lay trench is Twy es- 
Bcrtid where the gronnd ia poroos. sonij or fiasnred. 
Ueuil Hsetion is; di^h 3 to b ft,, bottom ^^th 4 to 6 ft., 
aide slopes | to 1 or 1 to 1- 

Whan the cut-off trench ia filled with ooucrete ■.Tu j 
paddle cofe-waH built over it, suitable groores ebcmld be 
made for the core-waU to key into the concrete below. 

Strata which are not wholly water-ti^t can be nude 
impervioaa by the injection ofciemeut poat. The prooesa 
Douistft of drilling smaO holes (2*^ to 5' ) into the strata 

and forcing in, u^er pnesure, hquid cement either with or 
without sand or other Tme oggregste. The cement enters 
and aets in the cracks and fissnra in the aoE, thus aesl^ 
them against the puaaage of water. If the trench is fdleS 
with concrete before groating, it wiD poride an adequate 
weight to prerent t^ue wastage of cement, Ffpet are 
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bmigkt Up througih the eoiicfetf] for gnuitiug. 

It u mtereotcDg to note th*t »dtuia HiUc^te bv been 
naed to seeJ strutA into which it would huTo been difft- 
oolt to inject cement grout, 

Usfder certun circumfit&noee 
of the coil me of cemcot concrete 
or grouting will be obligntoiy, 

Dmliiafe of Danii 

Pminege ia necwary to remoTO wntar which m»y 
get Into heart of the dnm due to peroolatira, lenknge or 
rtine. With good drainnge a well boilt dam li Tendered 
quite safe but tindnined clay dame aie liable to failure 
due to perflation through them. If the upetnam portion 
of a dam is built of water-tight matenat and downetnam 
of permeable material, it wiC help draming out the eaoeee 
water. A etone toe on the downstream aide or a slope of 
alMut 1 in 10 outwards from the toe for some diatanoe 
with a toDgitndinaJ ooUecting drain wiD facilitate dnining 
of rainwater away fram the bank. 

A mattren of rabble stonee about 2 ft. thiek all o«!r the 
baae (or onty at the rear of the puddle trench) of the em* 
bankmcdt with a eyrtem of under^diains will keep the 
embaakment diy. CroBa drama at mterfals under the 
dam and longitudina] surface drsina parallel to and near 
the toe. with a longitudinal drain ic the bottom alongside 
of the puddle core to drain it of any aupernuons water 
that gets into it wiUe aee|^ throogh the botttmi, ahoidd 
be proTided. If a drain is provided on the downstream 
side below the hydraolk grade line, it will make the sstura- 
^ gradient steeper. (Also see under 'BUhOioing Side 
Slopes Agiinst Sl^jping”, described earlier.) 

^>ry3h»BBmd: 

Tldcknem at baae of bond with riverbed ... OiiOH 
Width si top of bund QJIS H 

Width at foundation bed q 75 H 

Foundation depth below liver bed ... (h/lO-bl) 

H=tota] height of hund^height of water in ft, 
hnpotmded (h) d-foondstion depth. 
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Span and Grojiiet. Are obetniciioai built acroM a 
channel projecting from the banka, generally from both aidea 
opposite to each other for training the flow and for the for* 
mation of I erms. They are conatnicted of 2 to 3 inches 
diameter stakes or kilu driven in the river bed 2 to 
4 ft. apart centres, single for short depths and two rows 
of stakes intertwined for deep canals. The height is usually 
up to half the height of the bank for temporary spars and 
up to full height of the bank for permanent groynes. For 
b^ results, these structures should be pUc^ two to 
three times their length apart. Brushwood and twigs 
and filled in between the stakes in alternate lajren with 
stones or sand bags. The spurs break up the current and 
stop erosion by causing silting between the spurs and pro* 
tect the embankment from damage by flow. They are 
quite successful in the case of small streams and where the 
soil of the bed is firm but in soft soils will cause scouring, 
For slow moving overflow floods in flat country, pitching, 
combined where necessary wdth spur bunds, is generally 
suitable. These obstructions are built either projecting 
at right angles with the banks or slojung downstream. 

Hanging Spurs. Are branches of trees suspended at 
the edge from stakes driven into the berm or bank at 
some distance which induce silt deposit and formation 
of berms. New bushes are added where required and old 
allowed to rot. This method is very sacoessful and is 
also called bushing. 

Another meth^ is to drive a line of stakes about 
3 to 4 ft. apart on one or both the banks parallel to the 
length of channel with branches of trees intertwined bs* 
hind the stakes. This is called longitudinal budiing. 

Groynes. Spurs of permanent nature and obstrue* 
tions going right across into a channel are generally 
groynes. The word spur is generally restricted to a short 
protrusion. Earthen embankments are also made covered 
writh stones, projecting into the river in order to head up 
water. These embankments are generally 10 to 12 ft. 
wide at the top with side slopes of 3:1 on the upstream 
side and 2:1 on the downstream side and section so 
designed as to cover a hydraulic gradient of 1 in 6 to 1 
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|n 7 depen^g on the soil Grojmes are also f^j. 

Uw potwtion of canal m.asonry structures espedalhr 
where the bed is sandy. ^ 

W^en a fixed obstruction is placed in a 
18 SCOUT upstream and silting up down-stream sida 
^the obstruction ; as the berm growth progresses the 
Uca scours. 

6. CROSS-SECTIONS FOR MAXIMUM DISCHARGE 
OR BEST FORMS, IN SMALL CHANNELS * 

TJc best form of cross-section of a channel is the one 
which 18 D^t economical, that is, a section which gives 
maximum disoharge for a minimum cross-section, to reduce 
Its cost, and a section which will have the least loss of 
water from absorption (•>., with minimum of wetted 
penmeter). Such a section will have maximum sectional 
with minimum perimeter or in other words, the 
•lest perimeter for a given area. 

• ^ circle for a closed channel, a semi- 

to half the width) for rectangular channel and semi-he- 
SSncfa ** channel, are the best discharging 

«k. velocity of water in an open channel varies with 
the hj-drauho mean depth (H.M.D.) for channels of same area 
W slope, those which have the smaUest wetted perimeter 
will have the largest H. M. D. and the highest velocity, 
lowwill Iw greatest when friction is least, that is, when the 
we^ penmeter is least for given area. Other factors re- 
m^ng constant, the velocity varies as ^ to f power of 

. • trap^idal channel the most economical sec- 

wn w^ be obtained when a semi-circle touc^ all its 
sidM and the diameter coincides with the water 
Such secUons are used in the case of lined 
“mnnels with rounded comers or channels taking off 
irom ree^oirs where there is no silt in water. When 
ute diMharge from an open channel of a given area ■jvj 
with given side slopes is a maximum, the hydraulic mean 
oepth must be half of the central or greatest depth. But 
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have to be designed According to the drcumstanoes 
of the 9oil and the silt. 

Jn A trapetoidAl channel, if b be the bottom wid« 
and d the depth with given side slope* n. Xif channel 
of Tr»y discharge has the following characteristics : 

b=2d[v'n*+1—n] 1—zh^ 

^ 2vn*4-l—n 

The side slope is equal to half the top width. The 
border is equal to the sum of the top and bottom widths. 
Unless there are special circumstances which make it more 
economical to do so, it is not usual to desip canal sections 
with depths greater than their bottom widths. 

The section for maximum discharge thus determined is 
suiUble for small channels on land with an even surface 
and where the declivities are small. If the depth is great 
in proportion to the width, the deposits of silt aill be 
heavy if the water they carry is silt-laden. Therefore, 
channels of any given depth which arc broad in proper- 
tion to their depth, (i.e., those of which the hydraulic mean 
depth is large) will be "non-silting” on flatter slopes 
than thoee which are narrow and deep, (i.e., thoee of which 
the hydraulic mean depth is small). The loss from abeorp- 
tion, if the soil is porous, will be greater in a deep and 
narrow channel than in a wide and shallow chaimel. 

Table for “Best Discharging" Channels 


1 When area of croes-section is fixed or discharge is fixed: 


Side slope* 

Depth 

Width 
of base 

Width 
of top 

Hydrau¬ 

lic mean 
depth 


6<]twre root of the sieo of U 
way of the chenne) multipii 

1 * wator- 
»d by— 

8enu-«uc)* 

0 to 1 
ft to 1 

1 to 1 

1 to 1 

1* 1 

S to 1 

.7»8 

.707 

.7M 

.748 

.740 

.698 

.638 

0 

1.414 

.838 

.675 

.613 

.417 

.300 

1.596 

1.414 

1.6e7 

1.996 

2.093 

2.484 

2.844 

.399 

.354 

.379 

.374 

.370 

.345 

.318 

Area of wat*> 
way IS— 
d^hargt 
velocity 
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n. When breadth of the channel bottom or depth is fixed; 


8kl« slope 

VertiosI 

1 to 1 

1 

1 to 1 

11 to 1 

L 

2 to 1 

—1 

3to 1 

Botiofn 

width 

Dspih 

Top width 

Ares 

R 

Sides 

td 

.5b 

l.SSTd 

.scab 

.82Sd 

l.SOSb 

3.4lSb 

S.667t4 

.60«b 

I.414d 

.606d 
1.65b 
5.95b 
5.7S4bl 
.825b 
1.803d 

.47M 

•.ll»b 

e.47eb 

ll.tlb^ 

1.059b 

S.286d 

.8S5d 

8.077b 

10.46b 

S1.55bl 

1.504b 

S.16Sd 


6 . DESIGN OF CHANNELS 


Attgnment 

As far as possible, the line of canal should follow the 
water-shed or the highest line of the irrigable lands. 
Subject to this, more central the alignment is with respect 
to the commanded area the better will it be from the 
consideration of cost of distributaries and minors. Branches 
are so arrange as to command the greatest area of laixl 
and to supjdy the laterals (distributaries and water coursee) 
in the moet direct manner. Where natural fall of the 
country through which a canal runs is greater than the 
■lope of the amal, falls are provided. 

It is not however, always essential to select the very 
highest ground as it may sometimes place the whole 
channel in heavy digging and thus add to the cost of the 
canal. The ideal design and alignment* is that in which 
the earth obtained from diming in the bed is equal to 
the earth required for the formation of banks. Tliis it 
called “economical digging** and the channel is 
said to be designed with t^ “balancing depth". If, 
however, the digging is more t h a n the earth required 
for the banks, then either the bank dimensions are in¬ 
creased or another bank is built, called a *'spofl bank*', 
behind the service road bank and about 6 ins. lower 

The most economical oooditioa is when the oanal 
water runs partly within and partly above the ground- 
level so that digging may balanw embankment and there 
is also sufficient command of level for irrigation. 

It should not also be forgotten that carrying of canals 
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in high embankmeote idtoIvcs greater percolation and 
danger of breaches^ The fuU supply levels at the head of 
the off-taking channel are marked on the L section and 
the full supply line proposed for the main canal or branch 
13 kept high enough to provide a good fail into off-taking 
channel. After the alignment of the channels has been 
settled the area prepo^ to be irrigated by each channel 
is marked on the plan. It is essential that the boundaries 
of commanded area of varions channels should follow 
the natnrftl draiciiige line. The capacity of the different 
parts of the system must be based on the full supply capa¬ 
city. Falls end bridges combined are very economical. For 
large distributaries a drop of at least 2 ft, is desirable 
between the fall supply level of the distributary and the 
main canal or branchy and 1 fl- between major distributary 
and the minor- 
pedgu of IMstrlbutaries 

The length of distribution cbannels and their number 
depends upon the length of water-courses fixed. As far 
as pojKiblo the water surface should bo kept at a leveJ 
jvhere flow irrigation is possible. The water level in a 
distributary channel fihould be designed ito that the wholo 
area commanded can bo irrigated when fth of the full 
supply is carried. Some enginoeTS recommend that a 
channel should cdminand its entire area at ^ to | of fuU 
supply discharge. Channels should bo kept on the ridges*, 
where this is not possible, they should be at right angles* 
to the eon tours. Deep cuttings and high embankments 
fnhould he avnoided and the channels excavated in straight 
lines and short curves on the most direct course available. 
In order to avoid high banlcs and to eiwure the surface 
of water being above that of the country, the slope of the 
distributary should be mode as nearly parallel as possible 
to that of the land it traverses. 

Bed-slopes of canals are now generally fixed from 
Lacey’s diagrama. The usual slo^ for N’orthena India 
canals are : 0.43 to 0.64 ft. per mile for main oanals and 
branches and 0.8 to 1.6 fl. per mile for distributaries 
and minors. The flatter the slope, the shallower is the 
chaoneb After the alignment of a channel is marked at 
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Bite, the natural surfaoe along the centre line is doable- 
lerelled. 

The capacity » proportional to the duty performed 
and cross aectioaal area is diminished with ^te^y draw¬ 
off from the outtete. As the water^eoumea do not nm at 
^ht angles to the parent channel but always have an 
inclination downstream, m general the width of the 
strip of land between two distributaries, for about a 
mile and a half water oourse, may not exceed 2| milea 
Small size of distributaries are not economical ae regards 
the maintenance coat; a bed width e mailer than 3 ft. 
should be avoided. 

Design of Water-Courses or Field Channeli 

As regarde levels, the same pnneipies are followed as 
described for the design of distributaries. The length 
of a water course depends upon the nature of holdings 
and is usually Bmited to 2 mih» and they are often branched 
to reduce the length and to gain commands Therefore, 
a dLstributaiy should be so designed that the length of a 
water-course does not eioeod 2 mUea 3 miles), subject 
to a min : command which gives a discharge of 3 ouaeca. 
As far an possible separate water courses should be provided 
for high and low lands, Slope of a water-coitrse generally 
oonfonus to the slope of the country. A min. slope ^ 
1 in 5000 is ordinarily adopted, but 1 in 3000 to 4000 
should be preferred especially for field channels. The 
usual practice is to provide a "field command" of 6 ins. 
(min. 3 ins.) and the working head at the outlet id kept 
0.75 to 1.0 ft. (min, 0 ins.} A w'ater-oourse occasionally 
uiay have to be carried in filling to serve a high area aituuU 
^ at the tail. In such cases the miu. gra^ul of 1 in 
10000 may be adopted. The full supply level requirod at 
the tail therefore, will he the natur^ surface level plus 3 
uis, A free-board of 6 ins. is usually suffJoiem, As far as 
possible tha water-courses should be aligned along the field 
boundarres, Jn a mew irrigation system for uudevoloped 
tracts the area is generally divided into square or obloug 
blocks of 10 to 15 acres accofdjng to the working capacity 
of the cultivatoiu. The discharge of an outlet depends 
upon the sisce of holding and the interval between waterings. 
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It Has bten found in praetittf that a twu-cuaec 
is (tenerally the bcsrt when the cultivator imgatea tJat 
fields of about \ sere area. A discharge of 1^ than one 
cueeo OT more than three cuseca is not gencraJly 
For ontinium qouditions the dissrhairge of an outlet shonlu 
be about five timea the area m acnea of the field it imgatee. 
Waitr Losses in FuM ChamitU and WaUr Cr^rsea : 

The proportion of water hsst in a watOF’^iourse steadily 
carrying one euaec will be higher than in the case of an^ 
other carrying a discharge of two enaeefl. Tn addition to 
this loss in the w ater-courac there is the "spread’ If^ 
which occurs in the field Actual Iohs is greater in the 
case of small discharges and the proportional loss is very 
much higher. Canals should run full whenever open^ 
and kept closed between waterings. This aj-stem rednew 
losses and gives "full head" to every outlet-pipe which 
draws its authorized ihscharge and the silt. 

The following dimensions for the design of minora 


IKatharga 1 

Bed widih 

ft. 

Dppth 

ft. 

Skvpe por 
tltCUMUd 


^ 0 

2.00 

1.70 

0,275 

Thu cViUHge* in 


S.fiO 

1.60 

0.275 

bcU'Width ihouM 

e 0. 

3.00 

1.55 

0.2"B 

occur a* near 

7i0 

3.50 

1,35 

0-273 

id outlet hnda 

8.0 

4,00 

] .55 

0.273 

ifl resAiblo. 

8.0 

4.30 

1.00 

0.273 


vo.o 

S.OO 

1 1.00 

0,273 



Curves In 

Minimum radii of curves on 


Capacity of channel 

hi in. 
radii 

Below 10 cusecs 

300 ft. 

10 to 100 ,, 

500 ft . 

lOOtuSOO p, 

1000 ft. 

600 to 1000 M 

2000 ft. 

1000 to 3000 ,, 

3000 ft. 

above 3000 

5000 ft. 


Channels 

unlined channels : 

In genera] the min. allow¬ 
able radius U 20 times the 
Iwd width of the canal 
in non-alluvial i^ila and 
30 to fiO time4{leescr radrua 
for lesser capacity) in 
alluvial boUh^ with max^ 
up to 100 times in non- 
allu\iaJ sdUb and 200 times 
the bed width in alluvia] 
BoDs. 
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Curves on Lined ebaaoels 


Opecity of channel 

Rodtun 

Cipecky of cbaniwl 

Badius 

IflOO to 

mm to 4flfK) „ 
soon to 7490 

1000 ft. 
1600 ft- 
2000 ft. 

7500 to 69M aoeeei 
lOOOO end above 

2500 ft. 
3000 ft. 


Largest radius possible should be pven mmI cbiimela 
Rhould be super^ele vated on the outer skJe^ of the curre eo 
that a velocity Higher than the eaio velocity is not developed. 
Water has a tendency to erode the ooteide and deposit 
silt on the inner aide, this ie especially so is soft am 
alluvial soils. It however, the channel U lined at the 
cur^^e. the velocity can be niaintained due to the re¬ 
duced co-efficient of rugoeity of brickwork. El&rthen 
channels cau have non-silting super-elevated bends with 
depths less than 6 0 ft. Where the developed ma*. 
velocity exceeds the safe-soouring velocity of the aoil of 
the bed and the aides, the chMinel section ahould bo pro¬ 
tected by pitching or paving. 

Sultabie Side Slopes in Various Kinds of SotU 
For CattuLt in Hori 2 ontal to Vertical- 


Mature of bonk 

L'P to S ft- 

depth 

S ft- to Ifi ft- 

depth 

-; -- - - -1 

Firm rock -. - * . - 

i'i 

*totJ 1 

Soft or HtBintegiietiDd rock .. .. 

i ! 1 

ito i r 1 

Alluvial toil, firm gmvol- herd com- 
pocL e&rth- hard tnoomm . . . - 

1 • i 

: 1 

Touf^h hard pan . - , - 

1 ; 1 

t 5 * 

EitifTcBith or clay well drained- noffc 
moorum 

1 J 1 

U -1 

OrdiTnwy gravel . 

U : 1 

ll 1 1 

Ordmory Dorth, aoft day- dry aond- 
■ondy loom, gravelly loom or loam 

li : 1 

3 : t 

2 : 1 

3 : 1 

4 : I 

Loose cartb- l(n »0 rtndy loam - - 

Wet aand - - ^ 

2i r 1 

Ltglrt «and- wet day ,. .. * * 

9 : I 

3 to 4 : 1 


For Embank menta slop^ are flatter. See under 
“Earthen Embankmente'\ 

In ordinar)' soils- the usual practice is to excavate the 
channel at 1 : 1 rfope, which, after running for Bometirne, 
is gradually convert^ to ^ : I by the deposition of silt. 
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ExcaTAtlana can only ba done i<j alnpea safe for the Boil, 
tS» tUHleT Lacey's theory). Spoil banka are howfiTer» 
made with 1| r I slope or with safe elope for the mate¬ 
rial. Eatimatea for excaTation are made for 1 : I ade 
alopee bat diaoharpe is calculated at ^ : 1 (hor, to wet.} 
See lUustrationa—‘“Typical Ctoaa Sections for Ghannels." 
lined channels are generally given slopes of 1 ; 1 to 1^ : 1- 
Insi dfl berms of channels in non-aUuvial soils are made to 
the final shape at the time of oonatniction^ they canno4 
be formed by i^uclng the deposit of fine silt. The excava* 
tion BhouM be done by first cutting a centre trench with 
vertical sidea and then trimming the slopes^ 

Essentia] conditious are to have a good wide benD, 
snffident free-board and a bank strong enough to keep 
the hydranUc gradient line for the particular soH well 
below the top of the bank. 

Berma^ are made between the channel aectinn and 
the bank which are formed by silting up where the canal 
ia in fiDing and left, at the time of excavation where the 
canal is in digging. Berms strengthen the banks, bring 
in the saturation Line and rednee poesibiiity of Iraks and 
breaches; they hare the maximnen utility where the canal 
ifl in high embankments. It has been described before 
that the channels are usually excavated with side slopes 
of I : 1 which silt up to ^ : 1 Elope, this itself gives a 
minimnna berm width of ^ the full supply depth of the 
channeL 

The berm width usually preacribed is 2D to 
3D or (I D+4'} for big channels and D4-21 for (imidl 
cbannelfl. For Punjab canals when the N. S. is above 
foil supply level, it is 1.5 to 2D, when the N.S. ia betw^een 
full eup^y level and the bed. it in 2D and when the N. S. 
ia below bed^ it ia 3D. (Sw the Illustratian showing 
‘'Typical Croea Seetions for Channels"). Some cTigineers 
recommend much wider berms, varying from 7 ft/ mini* 
mum for channels of 50 enseca discharge to 50 ft. for 
channels of 2000 cuseca discharge. Berms may be 
omitted in small dl^ttibutoriefl. “The berms should be 
( to I ft. higher than the full supply level and slightly 
Roping towards the channel. 
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TUfifca Cuia] banka haTe to reiain water and withstand 
the proeaure. Banks have been described m detail undep 
"Earthen Embankmente and Dajna", Top width and 
slope are generally governed by the hydraulic gradisrt 
and the nature of the floil. ^nk width is sometimes 
determined from the following formula : 

W=d+D+^ or D+v? 

where: , , * 

\V=. width of bank ; d^^^height of silted up bed abovs 
natural surface; supply depth of water; 

B=bed aidth of channel. 

The following bank widths are generally prescribed 
for Punjab canaht and on Tungabhadra project (South 
India) for channel di^harge in cusees 


Pmijflb 

TungttbhatUw 

Capacity of chatmrl 

Width of 
bock 

UapaiHtiy of chazuujl 

Width of 

bonk 

op 

to 


4 ft. 

up to 

a ft 

50 

to 

m 

fi fr. 

to to £S 


ItlO 

Mj 

Sou 

6 ft. 

25 to 3UO 

fl ft. 

eoo 

to 

SOD 

a ft* 

aoo to taoo 

a Ik* 

SOU 

to 

II000 

]£ ft- 

1000 to SOOO 

ifi fk 


Bank widths prescribed for canals in U-P. '— 


Channels carrying ocer 10(>0 cuaeca 10 ft. (min,) 

ditto. 200 cuteca 7 ft. (min.) 

Other channels 5 ft- 

Service Roads and Inspection Banka 

A service road to be motorable should have a 
minimum width of 12 ft,, e^rdusive of the dowel* and that 
may be for canab up to 2/10 eusecs disdiarge. For 
higher discharge canala, up to 1000 cosecs, the width of 
the service road bank (in filUng) may be 15, 17, 22 or 
even 25 ft. according to the crcrts flection, and which may b* 
increased up to 30 ft. for canola over 1000 cosecs dischazga. 
On distributaries and canals in cutting inspection ro^s 
are made on the natural surface, and in cakala in filling 
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the roftds arc made on the bank^ (top of pushta). Left banka 
are made inspection banks. The uidth of the roadway 
is when at N.S. level and more when on the hanks in 
fUling. Sometimes an “inspection path” U provided next 
to the berms in addition to the service road, w'hen there is 
not much of filling. When there is a spoil bank outside of 
and higher than the roadway, there should be a continuous 
drain along the outer edge of the road and cross drains 
through the spoil bank. A canal roadway should have 
an outward cross-slope of I in 30 to 1 in 40. Sometimes 
the word “Service Road” is restricted to the road made 
during construction as an interim means of communication. 
The inspection bank is also called a “Petrol Bank”. A 
Boundary Trench or a Boundary Ditch is made to mark the 
boundary of the canal land and to drain out rain water. 

Dowels are short projections over a canal * ank at its 
either edge oonstruct^^ primarily to prevent cutting up of 
the bank slopes due to rain. Gaps are left (on the other 
aide of canal) at intervals to drain off the water. Dowels 
are provided on the canal side only of the inspection road 
on N.S. level. Dowels provide additional safety so far a 
free-board is concerned and also ensure greater safety for 
wheeled traffic in driving. The siie of a dowel Is 1 ft. 
to 1.5 ft. wide on top and at least I ft. high with 1| :1 
aide slopes. 

The dowel and bank should slope away from 
the channel; a slope of 1 in 60 to 1 in 80 in dry climates 
and 1 in 40 in heavy rainfall regions for the bank, and 
1 in 20 for the dowel ^>11 be desirable for well maintain¬ 
ed works. 

Pvshta. Banquette or Cover over Saturation Line 

A cover of I to 4 ft. of earth is provided over the hy¬ 
draulic grade line where it cuts the bank above the ground 
level. The minimum top width of the pushta should be 
6 ft. for canals and branches and 3 ft. for distributaries (in- 
dorive of the banks). This has been explained in detail 
under "H 3 rdraulic Grade Line”. The top level of pushta 
ahoold be 1 ft. below the full supply level. 

Prat Board. The height of the top of the channel bank 
above full supply level is called free-board and depends 
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upon the naturo of the soil, conditions of the banka ^ 
abnormal fluctuations expected in the channel. WKle 
berms may have leas free-board. 

The following fttse-boards are generally recommended:— 
Water-courses 
Minors 

Lees than 200 cuaecs discharge 
Less than 350 cusecs „ 

Lees than 1000 cusecs 
Over 1000 *. .» 

The following free-boards have 
for Bhakra canals:— 

Lined main canals 
Lined branches 
Unlined branches 
Unlincd distributaries 
The height of the free-board should not be less than 
1 ft. plus 1/lOth of the full supply depth, for fluctuations. 


rtPiCAL csosa-SBcnoss roa csAsait* 



WHl* S.S. IS MM* BWt iSOTS »» l™ 




«ND SATUa*! SORfACS XS SBX* S® M*1L 

When NJS. is between F.S.L. and bed level, 
berm=2D. When N. 8. is above F.SX... k^ berm 
on the road side and 2D on the other sale. 





o ins. 

a' \ ^ 

2.00 ft . 

2.50 ft. 

3.00 ft . 

been generally adopted 

2.5 ft. to top of lining 

2.6 ft. 

2.5 ft. 

1.5 ft. 
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The boundary diteh along distributaries and minors 
should be 1 ft. aide and not more than 18 inches deep; 
care being taken that it is actually on the boundary. 

LIKING OF CANALS 
Advantages of Lining 

li) Considerable saving in water losses due to see¬ 
page. (It has been estimated that the use of linings re¬ 
duces seepage losses from about 10 cusecs per million sq. ft. 
of wetted area to less than one-tenth of a cusec.) Since 
the oo-efficient of friction is decreased, velocity can be 
increased and sixe of the channel reduced to minimize 
travel losses. By lining a canal, its discharge capacity 
can be almost doubled ; or conversely, the cross-section 
of lined caiMls can be only half as large as that of unlined 
canals. This also enables flattening of the bed slopes and 
increase of command for which greater areas can be com¬ 
manded with more quantity of water. 

(ii) Since the section of the canal is considerably rc- 
duced there is a saving in cost of excavation and land 
acquisition. (But this saving has to be adjusted against 
the cost of lining.) 

(ni) Ijower maintenance cost. 

(ic) Pilfering of water by cultivators is stopped. 

(r) Prevents water-logging and efflorescence of ad¬ 
jacent lands due to seepage of canal waters. Large areas 
of irrigable land have turned to waste due to the raising 
of the water-table and the rise of alkaline ^aits to the 
surface caused by seepage through unlined «^nali 
(ri) Prevents the growth of weeds. 

(«i) Reduces bank erosion and breaches. 

(rill) Lining prevents water absorbing salts where 
passing through Katarish tracts. 

Various types of lining are used which have their 
own advanUges and disadvantages. The most commonly 
used are described below. The type selected should be 
the cheapest combined with its stability and usefulness, 
or efficiency. Availability of the various materials at 
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work-sit« ia a very inipoftatit factor. 

(tj Ulay Fvd^ : A layer of 3 ins*, to B ina. is spnad 
on the bed and ntdea and covered vith 9 itia, to 12 ina. 
of silt. Puddle liniiig ia quite aatUfactory but can only 
be used if good clay is available; is cojiiitidercd. to reduce 
seepage by about Ed per qent.. As it is liable to develop 
cracks on drying it ia suitable only for pererinial fitowa, 
tClay puddle has been described in detail elsewbero^ 

(iij Hriri: Lining: For a successful job it is very 
essential that the bricks and the brickwork must be of 
the best possible qualit}^ The rarth to be used in the 
manufacture of bricks should not have a salt content of 
mom than 0.3 per cent* calcium carbonate not more than 
2 per tear, and clay content between 12 to 20 per cent. 
The bricks may be laid in single layers flat* or on edge 
nr flat in two layers, (preferably tilesb The bricks 
are usually laid in ‘^hcrringbotie" pattern and are bedded 
on i* layer of 1 : B cement mortar laid on the consolidated 
and damped soil in 1 ; 3 cement mortar* A layer of F 
cement plaster I : 3 is sandwiched in between the two 
layers of bricks (or tiles)* In floors of canal works the 
top brick-on-edge should be laid diagonally to the centre 
lino of the channel* or in herringbone pattern. The liniiig 
may be plastered or pointed on the face, aod may *TiT^ 
be reinforced. 

Brick Lining has the advantage that no expansion or 
contraction cracks are formed as with concrete lining, 
repairs can be done easily, and has lower cost than 
concrete lining. Brick lining gives a saving of about 
75 per cent in losses by absorption and percolation as 
compared with the earthen channel section. As bricks 
are porous the lining on the whole ia less efficient in pre^ 
venting seepage, except when sand-wicbed with a lay^ 
of cement mortar. It has been found that tileg them¬ 
selves are neele!^ so far as prevention of seepage is 
concemed. TTiey are extremely porous* 

Extzacti from some of the General Spectfleadom 
adopted for the Uniog of Bhakra 
Two layeiB of tOee have been naed, the 

tmttom Layer retting on or §" thick 1 : £ cement-sand 
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plMter. The sAod-wich Isyer conawte of |* (jNeferably | ) 
thick 1 : 3 cement-sand plaster. The bottom layer cm 
tiles is laid in 1 : 6 and the top layer in 1 : 3 oement-sai^ 
mortar. A i* la>*er of 1 : 3 mortar being laid on the sand¬ 
wich layer before the tiles are laid (of the second la^). 
This makes a total thickness of about bj'. (^e horiiOT- 
tal tile has been allowed in the top of the lining through¬ 
out the reach, which may be increased to 3 ft. width m 
heavy cutting reaches. 20 per cent, of the cement used 
in the cement plaster and the tile masonry can be re¬ 
placed by finally ground surkhi (used as puz^lana, see 
Section 12). Cement : Kankar lime : Surkhi in the pro¬ 
portions of 1:5: 12 may be used to replace cement- 
sand mortar where the use of this mortar is found to be 
cheaper. 

SpecifleatioDS adopted on Thai Canal : ^ 

On a compact^ and dressed soil is laid layer of 
1 : 10 cement-sand mortar and after curing for two days 
the first layer of 2' thick tiles is laid in 1 : 6 cement-sai^ 
mortar. The thickness of the mortar under the tiles is 
i' on the average. Joints between the two tiles are usually 
4' thick filled with cement morUr 1:6 1:3 cement-sand 
mortar f* thick is laid over the tiles. The second layer ol 
tiles is laid on the I : 3 mortar and the tiles are also laid 

with 1 : 3 mortar. _ _ 

salts are found in canal reaches writhin 10 ft. 
depth, a mortar consisting of 1 : 2^ (cement-sand) with 
25 per cent surkhi as puzzolana ibould be used on the 
sub-g^e instead of 1 :6 cement-sand mortar. Where 
salts are in excess, these reaches should be lined alter inter¬ 
posing a layer of 1/16" thick 30/40 penetration bitumen in 
between the sub-grade and the lining. Oude oil should 
be sprayed over the clay sub-grade at the rate of 1 galL 
per 100 sq. ft. before spraying the bitumen layer so as to 
provide a bond between the sub-grade and the bitumen. 
(Fuller details of this process can be obtained fironi the 
Director. Irrigation Research Institute, Amritsar.) 

Mttkod of ConMruetion : Success of lining is mainly 
dependent on the care with which the back-fill has been 
compacted. The compacted section should extend not 
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le«8 than 2 ft. inside the final section of the canal. 
The length to he lined should be thoroughly soaked wHh 
water, without making it slushy, to ensure that water p<ne> 
trates to a depth of 12 ins. in sandy soils and 6 ins. in other 
soils. Alternatively, the sub-grade may be water-proofed 
by use of oil paper or by spreading of crude oil. linseed oil 
or such proprietary materials os Shell Primer, etc. 

Tiles with their top ends at correct formation levels 
ore first placed at 25 ft. centres in the bed of the canal 
along the centre line, and similarly on the side slopes. 
To get the correct profile in the side slopes, three templates 
ore erected 25 ft. apart. For lining the side slopes the 
masons work standing on 2 ft. wide planks .supported on 
ladders leaning on the side slopes. 

The frogs of the tiles should be kept upward.s in order to 
give a good grip to the sand-wiched plaster. The direction 
of the tiles in the bed wall be at right angles and on the side 
slopes parallel to the centre line of the canal. The tiles 
should be well soaked in water a few hours before laying 
and they should still be quite wet when laid. The plaster 
should well pressed so that the excess water or air locked 
into the pores is driven out. The finished surface of the 
plaster should be made rough for proper jointing by means 
of fibre brush or broom. Full and complete curing 
should be done. It is important to see that the thickness 
of the sandwich layer is uniform. 

If the formation is sandy and soaks in water from the 
cement mortar, the slump of the mortar should be increased 
to suit the conditions at site and tiles should be quite wet. 
The first layer of tiles is allowed to cure for 3 to 4 days 
before the sandwich cement-sand mortar is put on. The 
sandwich layer is kept wet for a full day before the top 
layer of tilM is pot on. 

The sand-wiched mortar 1 :3 has been found to be 
impermeable for all practical purpoees. A pscca lining 
with seepage losses of less than 0.5 cusec per million sq. 
ft. of wett^ perimeter may be regarded as more or leu 
impermeable for all practi^ purposes. 
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0.15 to 
1.54 to 
4.10 to 
14.50 to 
2.5 ft. 


0.20 per thoosaod 
2.01 

5.35 ft./sec. 

17.90 ft. 


General Design Data : 

Surface slope 
Tracey’s “f 
Velocity 

Full supply depth 
Free-board 

Hii) Concrete Lining. This type is generaUy oon^cred 
niort witable for big canals if cost w not 
Usual thicknw is 21 ins. to 6 ms. according to the deeign. 
f5unite and shot-cretA linings are supenor to ordina^ 
A thin coat of plaster is applied to give a 
surface. Longitudinal and transverse joint* are provided 
aMsmlins to the thickness of the concrete, thin^ Uni^ 
jwnts at closer intervals. Normally plain verti^ 
butt joints at 8 to 12 ft. intervals will bo found soiUble. 
To make the jointe water-tight, copper strips or steel 
nUies may bo put in and the joints filled with bitumen. 

oMUVot be filled in properly in a joint lees than 
r wide The concrete should bo made waterproof by 
inv of the methods described in Section 8. Kerosene oil 
cent bv weight of cement, is known to water-proof 
tho^ncrete and also to retard the evil effect* of alkaline 
soOs. for which otherwise high alumina cement is required. 
The concrete may be reinforced but reinforcement is 
not much in favour, although it will assist in preventing 
failure of the lining due to settling of the sub-grad^ and 
the spacing of joint* can be increased. Concrete block* 
wHh joint* fiUed with asphalt wiU probably be better. 

Sod Cement lining. Stabilised soil with 5 per cent of 
coment to be compacted in a 3 in. layer and topped with 
»• 1 * thick cement sand plaster. Proportion* of clay, 

Jot and sand, may be 8 to 16 per cent. 12 to 25 per c^t 
and 60 to 80 per cent by weight respectively. (For fuller 
details see under “Soil Mechanics” and “Road*”.) 

Qenend Considentlons for Lining 

(*) The sides of the channel to be lined should pre- 
fbrubly be kept at the natural slope of the soil as then 
there will be no earth pressure against the linii^. Where 
the side slope* are made steeper the lini^ will have to 
be d f^g****l ns sloping retaining walls which under worst 
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conditions will be subject to pressure duo to saturated 
back-fill and the differential water head across it. Arrange¬ 
ments should be made so that no water gets behind 
the lining from any external sources; it is neoeesary to 
provide ^equate facilities for artificial drainage of rain 
water to keep the backing in proper form. There should 
be no over-topping of the can^ water due to wave action 
for which sufficient free-board and a dowel should bo 
provided. The dowel and the bank should slope aw’ay 
from the channel. 

(it) The backfill soil most bo thoroughly compacted 
at the optimum moisture content, and if the channel 
is allowed to run for sometime before the lining is laid it 
will further settle the soil especially where a channel 
runs in embankment. 

(ill) The bed and sides should preferably be cons¬ 
tructed independent of each other with the lining of the 
sides resting on toe waUs if practicable. 

{iv) In deep canals life saving devices should be 
provided which may consist of steps or flat slopes at 
intervals for cattle and some ladders for men. 

Forms of Cross-SecUon. Since a lined channel can 
allow a higher velocity it would seem more economical 
to use narrow and deep sections with sides at the same 
slope as the angle of repose of the soil and a circular bed. 
The arc in the bed should be tangential to the side slopes 
with the centre of the arc at the F.S. line and the radius 
equal to depth, with the central angle equal to twice the 
angle of side slopes. This will m\ko a triangular section 
with drcular bottom. For wider channeb a trapezoidal 
section vrith rounded corners can bo mode by giving 
arcs at the bottom two comers as for the above stated 
section, the each central angle in thb case will bo equal 
to the angle of the side slopes with the horizontal. 

Surveys and Plans for Canal Projects 

For ftfl-nalji, contour surveys to a scale of 1 or 2 inches 
to a mile, with contours at 5 ft. intervab, may be available 
from the Survey of India Deptt. Preli^nary canal 
line may be surveyed by running a rapid contour falling 
at the rate of the 8 ins. to 24 ins. per mile, acoording 
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to the nuture of the lacd. Detailed levelling can then be 
conducted on the final line by talving leveia at every l(hi 
to SOO ft. longitudinally according to the nature of the 
fite and the work^ and at cveiy S) or 30 ft. emsa-tvise. 

is a preliminaiy field e^Eamirmtion of a 
proposed project. For preliminaiy' estimating for canal 
eixeavationa and embankments the depth or height should 
l>e taken to the nearest 6 ins. and the distances at SCKt to 
400 ft, apart. 

For the lay-out of ’watcrxcounscs and in the selection 
of a cJiaJt (field) the first requirement is an accurate closely 
contoured map of the area. In the Punjab I.B. a 1 ft. 
contour map to a scale of 4' to 6' (which may Le up to 
b'} to the mile is usual. Water-courses are designed on 
contour plans. 

Scale for longitudinal sectional of a distributary is 
generally 2* to a mUe although sometimes 1" to a mile 
is also used. A'ertical iwale generally adopted is 1 /lOO. 
For small channels or where more detail^ information 
is required a vertical scale of 1/50 can be adopted. All 
croaa-sectiona should he SOO ft. apart in case of minors 
and diatributarieg and 250 ft. apart In the case of minor 
branches. 

Trial pita should be made in the canal JiriOp about 
10 in a mile, to sacertain the nature of the soil end also 
at the site of the masonry works and canal crofisings, 

8. SEEPAGE AXD EVAPOKATIOK LOSAt^ES TN 
CANALS AND ki::SEliVO]RK 

Loss of water by absorption, percolation or seeiiace 
and evaporation depends upon various conditions such ns ; 

[i) Permeability of the strata through which the canal 
pasaes. In sandy or porous soil, loss from percolation ia 
very great until the soil between the ground feurfatc and 
the sub-soil water level haji been fuUy saturated, Jn t.lack 
soUs the losses by pc^reolalion arc much lenii, 

[n) The sub-soil water IcvcJ and the drainage con¬ 
ditions of the sub-soiL ^ 

(til) The age of the canah the lo^j^ bv aheoiption is 
much greater in a new canal which is reduced bv 
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as the silt deposits. The method to stop excessive 
percolatinn ib to excavate the chaoiicl to a biggev section 
and get it artificially silted up with light and fine silt, 
to the required cross-section. If the diatributarics are 
kept alternatively wet and dry for short pfrir«ls, the 
leakage losis ia inereasofh 

fit') Lofs by ab^rptiou is greater iivhen a canal is 
in entting than when it is in a bank, 

(v) Amount of silt earned by the eanal ■ the purer 
the water the more the 

(H) Velocity of water in the CAtial ; the more the 
velocity the letis will be the percentage of losw, 

(t'liji Cross-section of the canal, and this is the most 
important factor. Other eondltloiis being constant, the 
loss by absoiplion varies directly as the welted perimeter 
find the depth of the cliannch Therefore, economy lies 
in having a section w'hidi has the least perimeter for a given 
area. Percentage of loss by seepage is greater in small 
channels than in large cansJs. 

The loss due to seepage in earthen channels is much 
niore than loss by evaporation, Mr. Kennedy found that 
the rate of seepage in Punjab canals from April to Sep- 
tember was I5f inches depth of water per day., and 
from October to March it w’aa 10| inches per day. Certain 
canals with discharges from 400 to 4/iO caseca w'cre found 
to lose about 1 cueoc per niifev The Bari Boab cans] 
when IFl years old, lost aboul 12 to 14 per rent of its dis- 
charge in a length of 50 miles. On the Ganges canal 
(he total loss somerimes amounts to as much sa 5b ijcr 
cent. The loss in tlie Inrin canal Mysortr is estimated to 
he 10 cupccs [jer million square ft. of wetted area. In 
full Bcolo experiments recently carried out in Xortliern 
India, the loss by seepage in im unlined channel was 22.4 
cusoca per million sq, ft. of wetted area on the date of 
filling and reduced to 10,26 eusccs in six ivreks. The 
percentage losses which include evaporation are usually 
taken as follows, at different stages :— 

. Per ctr.t 

In main canals and branches up to 

hcnd:4 of distribution channel:^ ],i to 2i) 

In dhttribution ehanneb 6 to 7 
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In field channel or water-courses 17.6 to 21 

In cultivation over fields 8.5 to 25 

(due to un-economical methods) 

Useful percentage of water received by plants may bo 
as low as 30 per cent. The total loss of irrigation water 
in transit through unlinod channels usually varies from 
15 to 70 per cent, which is reduced to almost negligible 
with a good lining. 

Absorption loss in an unlined earthen channel (for 
Punjab soils) may be worked out from the formula : 

K—6.6 Q®*®**‘ K=ab6orption loss per million sq. ft. 
of wetted perimeter; Q=di8charge in cusccs. 

Absorption losses on all unlined earthen channels in 
the Punjab are generally calculated at a rate varjdng from 
8 cusecs per million sq. ft. of wetted perimeter for a chan¬ 
nel of 20 cusccs discharge, to 8 cusecs per million sq. ft. 
of wetted perimeter for a channel of 2000 cusecs discharge, 
and which may be as high as 15 cusecs. Some engineers 
now take at the rate of one cuseo per foot depth per million 
wotted sq. ft. within the limits of 4 ft. to 12 ft. depths. 

On some channel it Is usual to add a further 3 ins. os a 
margin to cover silting in the head reach of the water¬ 
course. This is a valuable precaution because ia the 
absence of such marmn any silting in the water-course 
must effect the modularity of the outlet. 

Losses from distributaries and water-ooursee with 
normal soil section, may be taken as follows :— 

Loss in cusecs per milossO.lO-^Q (approx.) 

When the outlet channel is fully in moorum cutting 
and the channel flows along a falling contour of say 1 in 
1000 , the losses are very heavy : 

Loss per mile per cuseo=0.53 v/Q. 


The following percentages are generally taken of F.S. 
discharge for Bombay Deccan canals for loss by seepage:— 


F.S. DLsch. in 
Cu»3ai 

Over 

100 

100—50 , 

1 

50—25 

25—15 

Leas 

than 15 

Allowance for 

Percent 

Per cunt 

Per cent 

Per cent 

Per oent 

transit loss 

0.25 

0.5 1 

1.6 

2.0 

3.0 


Vnoa-aUuvtal aoUs) 
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In Madras the allowance per million sq. ft. of wetted 
turface is as follows : 

(i) for rock 

(ii) for black cotton soil .. 

(iti) for alluvial or red soil 
(ir) for decayed rock or gravel 
For channels unaffected by fluctuations in ground 

water table the following average transportetion losses 
are recommended by Shri K.B. Khushalani, in cusecs 
per million sq. ft. of wetted perimeter 


3 cusecs 
5 cusecs 
8 cusecs 
10 cusecs 


Xatore of soil 


New Old 

Coaolt Canals 


Impervious clay loam 
Medium clay loam with a hard pan layer at 
2 to 3 ft. depth 
Medium clay loam 
Otxlinary clay loam 
Silty clay loam 
Silt loam 
Loam 

Sandy clay loam, gravelly clay loam 

Sandy loom 

Looaesand 

Grity soil 

Gravelly sand 

Porous gravcDy soil 

Grav<-I 


4.0 

8.0 

6.5 

8.5 
0.5 

10.5 
U.O 

11.5 
17.0 

10 

23 

20 

35 

70 


3.0 

4.0 

5.0 

6.0 

8.0 

0.0 

10.0 

10.5 

12.0 

17 

10 

23 

29 

35 


Evaporation Losses 

Water will evaporate if left open. The quantity of 
evaporation depends upon climatic factors of temperature, 
humidity and wind; it varies directly as the area of the 
water-surface and inversely ns the depth of water. Eva¬ 
poration takes place all the 24 hours. Evaporation, 
however, is never a considerable percentage of the total 
flow of a canal and is hardly about 1.6 to 2.0 per cent 
of the seepage loss of an unlined canal. Total loss by 
evaporation in one year may be from 3 ft. to 8 ft. of ver¬ 
tical depth according to the tcropemturc. altitude, wind 
velocity and vapour tension or humidity but rarely excels 
0.4 in. in a day in the hottest and driest part of India. 
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Capt. Cutiiungbam found the foUovring evapomtion 
losses On the Ganges canal : 


Month 

Feb. 

UlAreh 

aray 

Juno 

Out. 

Deo. 

Fvwporrttion 
per 24 hr*. 

O.U' 

0.12" 

0.15" 

0.12' 

043' 

O.IO' 


'This gives an average of inch per day. The 

canal is ^ ft» vrlde and o miles long with a discharge 
of 000 cuaeeg. and gave 1.6o cusecs as loss dae to 
evaporation^ 

There ifl more of evaporation From an open water 
Surface than from land; more in n^ons of less rainfaU 
than those of heavier rainfall; more in dry and desert 
regions than in green and cultivated regions; more in 
mnuntaina than in low lands funder same conditions). 
Evaporation from distributaries id less than from main 
canals. 


Loss of Water In Storage Heservoln atiii Earthen Dams 

In rsservoing on natural ground the loss from alwsorp- 
tion id considerably reduced after the hod of the rcaer- 
voir has become water-logged and ailt has been deposited. 
Pressure duo to depth of water increases seepage losses. 
In an earthen dam, there is much loss by seepage and 
absorption. Total loss may amount to 15 to 55 per cent 
of the storage capacity in very dry tracts with amall 
rain-falL Loss of storage by silting in the case of earthen 
dams is manmod at 15 per cent to 50 per cent of the gross 
storage capacity. It ia usual to keep the outlet level higher 
than bed and at a point below which the reservoir capacity 
will be 10 per cent of the total as in course of time silt is 
deposited at the bed of the reservoir. There m no loss of 
storage by silting in the case of masonry dams as scouting 
sluices are provided at tho bottom. 

■ water is stored in masonry tankar absorption 

m the tank may be as much as 0,12 inch per day. This 
loss by ahsorphon is generally taken half of the loas dne to 
fivapoiution. Loss by leakage or seepage is ncgbgible 
unless structure is faulty. ® “ 

For preparation of projects the following figures for 
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«Taporation may be taken : 

for 4 cold 'months— 3' per month 13' 

for 4 hot montha— 10' per month 40' 

for 4 mottMon mootlis—5' per month 30' 

Total 73' or 6 ft. 

Loss of water in tanks from evaporation and ab^rp* 
tion in Southern India ia about 0 ft. per year and from lakes 
in Bombay aljont 4 ft. at foil lake level. 

0. SUITABILITY OF SOILS AND WATER FOR 
IRRIGATION AND LAND RECJAI^TION 
see wiwifir JfecAartic*.”} 

Types of Soils 

AWurml Soils : These soils are formed by materiaU 
like sand, silt or clay transport^ and deposited by flowing 
water or as a result of river floods in the conrue of time, 
and are found in flcx>d plaim and even countJ^ (the area of 
alluvial soil hai 3 very flat or gentle surface alopo), deltas of 
rivers and near the ooaats. Alluvial soila are soft and 
generally ol great thlcknesa and can absorb a fair percent- 
ago ot nldfaU and retain in the sub’Stratum which make 
the soil highly productive. These soiU are mostly alka' 
line. Alluvial boLIs cover large portion of land areas in 
the Punjab, U-P.., Bihar, Bengal, Orissa, Assam, Sind. 
Malabar coast and other north-eastern parts of India. 
Incoh^Tent alluviuTn is pure sand. 

Soils : Soils formed aa a result of di3< 
integTfttion of rocks, carried over a long time. Ths 
of non-alluvial sod has usually an uneven topography 
and hard beds. There is no silt problem in the channels 
budt through this soil and the rivers paismg; through area 
have tendency to shift their course. The major portion 
of Bombay district is an area of non-alluvial sod;*, 

Rtd Soil* : These soils chiefiy occur in I^lad^% 
Hyderabad Dacean, Bibar and Oriam provinoa^ Are 
light tesitured, crystalline, porous and fdabje and of 
eanditonc formation^ differing in depth and colour from 
place to place. The sub-stratum U mwrum or decayed 
rock. The colour ranges from red to black with an m- 


17/100 INDIAN practical CIVIL EMGIKRZR8* HANDBOOK 

termediate shade of dark brown ; cultivation changes the 
colour of the sofl. These soils are generally acidic or 
neutral but not alkaline, contain some lime and phos¬ 
phate and no free calcium (kankar), content of soluble 
salts is very low, and vary in fertility from place to place. 
The ground wnth this soil is broken, fissured and undulated. 
As such no big irrigation works are feasible but they are 
good for cultivation with tanks. But some of the ^tter 
classes of these soils arc more suitable than alluvial soils. 

Black Soil ; Is a heavy soil varying from clay to 
loam and made of similar materials as the red soils. This 
soils is found in Bombay, Madhya Pradesh, Madras and 
Hyderabad Deccan provinces and vary from shallow 
depths of 1 or 2 ft. to deep layers of 12 ft. and over. The 
sub-strata consists of moorum or heavy clay. (See ‘*Black 
Cotton Soils” in Section 6.) The soil contains uncombined 
calcium carbonate, is rich and productive, except for the 
defidency of nitrogen, and very favourable for the growth 
of sugar cane and cotton. 

The kind of crops that can be grown on a soil depend 
upon the texture of the soil which is the size and grada¬ 
tion of the particles, and that is determined by its clay 
contents. Soil containing less than 2 per cent day is 
usel^ for crops other thah barani grams. (An average 
boil in the Punjab contains clay from 12 to 16 per cent.) 
The clay content of a soil mostly determines the kind of 
crops that can be grown on it. Soils with very heavy 
proportions of clays arc not suitable for artifidal irriea- 
tion. * 

Sandy f»il is known as light soil, loam as medium or 
normal soil and clay as heavy soil. 

Heavy ^Is or retentive clay soils are unsuitable for 
oroi» requiring large quantities of water. But soils con- 
taimng 20 to 40 per cent of clay are suitable for sugar¬ 
cane, nee, cotton and wheat. (Produce of last two below 
normal). 

light Soils : Sandy soils are light sods and are suitable 
for ^pa requiring small quantities of water. Soils con¬ 
taining 2 to JO per cent of clay can grow wheat, gram 
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and fodder crop®. With le»6 clay the yield U below normal. 
(Yield of wheat below normal). 

Jfediiim Soih : Loam is knoam m 
day content of 10 to 20 per cent. Are ™***>>'® 
requirinc onlv normal quantity 

cottoJTf heat.'maiie. vegetable., oU and fodder crops 

are irrown: the beet yield is from such soils. . 

Compoeitc soils are sandy-clay, 

Band andclav in cciiain proportions. In ^dy-clay, the 
clav content is more and in clayey-sand, the s^d content 
is Lr In nature, we have mostly ccmpoeite soils. 

Salts In the SoU Crust. The preacnro 

change the entire phj^ical and are 

soil The salts commonly met with in the sod 

the* sulphates, chlorides, carbonates and 

potasaidm and magnesium, etc.^d 

Strates of calcium. Salta of sodium c^onde 

sulphate, sodium carbonate and 

fnl ult. PotMsium Milta arc beneficial. Harmful aai 
Z “!!^aUv ^ed alkaU «Uta. The calcium car^naW 
and sulphate are not unde- 

thus not harmful to the crops. 

sirab e in any appreciable quantity ^ 

carbonate wWch is most harmful and is 
black alkaU. The yield from the soil is not f 

up to about 0.18 ^r cent of the total harmful ^ts but if 

th^ salts exceed 026 per cent W ^r 

harmful sodium salts should not be rnor^ \ 

cent if sodium carbonate. 0.25 per «nt if sodium ®Wo^e. 

^d 0 50 per cent if sodium sulphate is present.J^i* 

denev’of can be made good by manur^. 

and iwtassium nitrate are beneficial m manure if “ 

smalUuantities. Nitrogen is the in 

helps growth of plants and Indian soils generaUj lack in 

“^cTncraUv speaking, clayey 

Punjab) and sandv soils acidic, especially 

is bi^h and the countiy’ slopes rapidly 

finer particles of sand to be washed ^ water 

salts are found in tracts of poor slope, big 
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table or water logtpiig, relatively impervious crust, and 
low rainfall. They are almost absent in r^ons of over 
25 ins. of rainfall; a rainfall of over 3 ins. at a time 
in a day will wash away lots of surface salts. The applica* 
tion of sufficient quantity of irrigation waterings may keep 
salts from damaging crops but the reduction of waterings 
may bring the salts up again, especially where the areas 
were fairly salty before irrigation. 

The alkalinity of a soil is a very important factor. 
A very alkaline soil is impermeable to water and is unsuit¬ 
able for the growth of normal crops. Provided a salt 
content is low (less than 0.2 per cent), the yield is not 
affected until the pH value rises above 8.5 (pH value has 
been explained under “Water Supply’’.) In such a 
case there are usually no white salts on the .surface. 

Suitability of Water (or Irrigation 


The same salts present in the soils are also found in 
well waters and most of the mineral salts (which are 
alkaline) are injurious for agriculture although some of 
the salts are also beneficial. If the dis.solvod .salts in water 
ore those of calcium and magnesium only they are not 
harmful, but if sodium salts are present, the suitability 
of water will depend u^n the nature of the soil to which 
the water i.s to he applied. In the case of a well drained 
(clayey) soil containing calcium carbonate, small quanti¬ 
ties of ^ium salts in water will not do any harm. Water 
containing appreciable quantities of sodium carbonate 
and sodium bicarbonate when applied to low-lying clay¬ 
ey areas will harden the soil with likelihood of causing 
water-logging. But where the soil contains a large pro¬ 
portion of coarse and fine sand this tendency will bo check¬ 
ed; and if there is a high percentago of lime in those soils 
this will further tend to counteract anv bad effecta due 
to the presence of sodium bicarbonate. Calcium salts 
retard the evil effects of sodium salts. As a gcnera\ rule 
the quantity of potassium nitrate in well waters is very 
small, tho greater its amount the better the water for 
agncnitural purposes. 

U “hould not exceed 

about 305 parts in 100,000 parU of water bovond which 
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the yield of crops drops. Water containing total solids 
up tTabout 100 ^ta per 100.000 of water with high per- 
cTnUge of calcium salta (40 to 60 parta) and magnesium 
gait (20 to 40 parts) and low percentage of sodium 
(10 parts) can^ used for irrigation purposes without 

iniury to the soil or the crops. ^ ^ 

^ If the value of salt index is negative suitable 

(or irrigation puroses and vice versa. The pH value of 
l^^gatiL water should he between 7 a^ 0 ; ^tw^n 
6 (^idic) or 7 to 8.5 gives normal >neld, between 8.5 to 9 
yield decreases and when the value rtses to 11. 
becomes infertfle. Tube-well waters which come from 
deep soils generally have ver>' little fertilizing qualities 
and more manure has to be applied to the land. 

Soli Efflorescence. Free salts in the soil when near the 
surface usuaUy concentrate during drj* penods as 
cr>'8talline deposit known locally as K^r 
ing and tkur if brought up ^nce the start 
Other local names for salt efflor^nce are 
Iona and rth. Salta are also deposited on the surface when 
the land is irrigated with alkaline water for 
Sodium chloride (common 

(Glauber salt) are the principal ingre^enta of white idkal^ 

Over-irrigation is also a cause for soil 

the sob-roil water-table is high or ^ 

Effloresoencc is destructive to crops and i^t^al vcgetatio 
and attocks even masonry works nearabouta. 

It has been oWrved that m areas of ^gh 
water-table the sub-grade U frequently 
sodium sulphate which has its detenmental action even 
if present m small quantiUe.. In ca^ 
lor^r quantities of water are used which bn^ 
the%oU crust, as duo to ovcr-irngation 
in the locaUty generally rises up Basin wh^a 

good depth of water is stored for considerable periods. 
?s^ a cause for rise in water table and f^o^nw- 
WeU irrigaUon (unless the weU water ^ 

bring salte on the surface. Too 
avoided and only just sufficient quantity of 
for raising the crops should be given. Water-logging. 
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bad aub-soU drainage and acanty rain-fall with long periods 
of hot and dry weather cauae cffloreMence. 

Water-loggings Is the result of rise of water-tablo 
due to mfdtratioa from rivetaj canals, tanJss, and inade¬ 
quate sub^d drainage. Water-logging does not ocetir in 
porons snb-EiOiis but it oecurs in imperdous aubstratum. 
For moat of the pknta to grow it is neocrsaiy that the 
water-table is below the root aone of the plants and at 
least 5 ft. below the aurfac^:, fn a water-logged area 
water-table can be lowered by providing snrface and 
aub-surface drains. (These havo been deecribed in. detail 
in Section 19). Tube-wells lower the water-table to a great 
extent. lining of canals and watcr-couraeg prevents 
water-logging. 

Land ReclacnatlOD- Land reclamation is a proceset of 
making an unculturable land (such oa, a. waste-land tinder 
thick jungle, alkaluie^ water-logged or badly eroded land) 
fit for cultivation. It is essential to know the Hmits of 
both salts and alkalinity in the soil at which yields of crops 
begin to decline, the limits &t which crop growth becomes 
impossible and also the limits when r^damation cannot 
be economically carried out. 


BeclamaUon of Salt Affected Land : (a) By artificial 
drainage, to lower the ground water-table below the 
limit of capillary action; both the surface and under¬ 
ground drains arc provided* The limit of "capillary 
action" depends upon the kind of soil* In clayey soils 
the ground water-table has to bo lowered to a greater 
extent than in sandy soils* 

(fc) By Le-aciijlng : Excess salts are leached from the 
top 3 to 4 feet of the soil by flooding it with some 0 to & 
inches depth of water which wOl dissolve the deposited 
salts, and tho salts in solution percolate down and join the 
water-table, when the clay content of the soil is low. 
^ large quantity of water is required and the pnooess mav 
have to be repeat^, i^cthtsl may not be ptacti- 
^blc* I^nd may he divided in areas of not more than 
heavy flooding may be done fre¬ 
quently without undue v aste of water. The interval 
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between flooding should not be so long an to let the soil to 
dry. Onoe the soil dries up without having cleared all 
the aalte, salta will gome up on tho surfaw again by the 
action of capillarity. Thii method may be worked wdth 
sulHSoil drednaga or coupled with BoJtablo rsropping {auoh 
aa rice). Very alkaline soila ate impemieablu and leaching 
is difficult. 

Washing down of salts is likely only when the Vtfatffl 
ia within 5 to e ft. of the ground surface and the clay 
content ia less than 10 to 15 per wut; but there is a possi¬ 
bility of the salts appearing again unless the salt zone 
can be depressed at 10 ft. 

tc) Soils with pH value higher than 9 5 arc not 
economical to reclaim. Soila with aalt content below 
0.2 per cent and pK vaJuo between S.o and 9.0 can 
be reclaimed with ono rite crop only after which gram, 
barseem^ sugar cane, cotton or even w'beat may be grown. 
Soils with salt content less than 0.5 per cent and pH 
value between 0.0 wad 9.5 generally i^uire two noa 
crops. Rice and barseem crops can tolerate the alkaline 
salts to a great extent and also reduce its quantity from 

the soil where growTi. , , , 

(d) Some chemicals such aa gyi>3um (calcmm sulphate} 

haa b«n used but thin process is very expensive. Gypsum 
does not act in the presence of excess of sodium salts. 

Soli Erosion. The washing away of top soil by the 
action of floods, raiiaa or winds whereby the soil loeoa ita 
agricultural prodactive qualities. The method adopted 
for preveution of soil erosiou is called eaU coji^n^Um, 
The productive qualities of a soil may also be impaired 
by osoeaaive use of artificial fertUiring manures; using 
^^ong methods for the rotation of mops and removal 
of the natural cover of grass and forcsta from the grountL 
Methods adopted for controlling soil erosion or for improv¬ 
ing the soil arc; Holding irrigation or rain water over 
the land for long periods or making it flow at a very slow 
velocity by constructing small bunds or terraces; growing 
smaU plants on the fields at all seasons to hold water; 
making temporary daius of brushwood against Btroems 
and by making Detention BasmOi 
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10. STORAGE OP EAIST^WATER FOR IHRIGATTOX 


Study ol Ralnfa.!!. The maximani rainfall of a year 
and the mimmuni rainfall of aaother year of a plaee^ has 
been found vei'y variable. Aecordinp to Rinnie. the niaxi~ 
muin annUial rainfall of a place Is l.ol timos the aYcrajie 
annual rainfall, and the nnniiuum atinnal rainfall is 0.60 
of the averado annual rainfall. Average annual rainfall is 
the mean of 35 vears. For two consecutive years, the 
maximum rainfall of both the years together i\"ill b* 
2 X 1.35 X average annual rainfall ; and the Fninimum rain-^ 
fall viU be 2x0.00 x average annual rainfall. For three 
ronsccutive years, the maximum rainfall of all the three 
3 ears together vi-ill he 3x 1 .27 X average annual rainfall t 
nncl the munnmin rainfall will 3x0-75 X fiveraco annual 
rainfall. 


Blandfordt boTrever, found that the maximum annual 
rainfall at a place may be between 1.24 to 2.54 limes the 
average annual rainfall of that place and the minimum 
annual rainfall may be 0.27 to O.Tfi times the average 
annual rail fall. This is culled the driest year. The mean 
of yearly rainfall of about 10 to 12 eon-secutive bad years 
faverage bad year) may be | to J of the average rainfall 
of the place {baaed on records of ^5 years). The year in 
which the rainfall is less than the average annual rainfaU, 
is called a had year^ and the year in which the rainfall is 
more thEui the average annual rainfall^ ia called a ^wid year. 


For irrigation projects the rainfall of an "average bad 
year'* is taken which is mean of the lowest yearly rainfaU 
of a number of eorsccutive years. Out of the total rain 
water, the run-off in an average catchment h oniv ahnnt 
30 to 40 per cent and out of this total nin^ff the slorav.. 
possible may lio as low as 10 prr cent (and as hidi fl 
SO per com) with olxjut 40 to 50 per eent aa 
Out of the water stored in a resen-oir, the lois™ a../. 
off, evaporation and leakage may comTTo alLut 

-jO ^b^ui^ only about J(i , 

total rsm-wafer is available for irriBatlon ^41=0 \ j 

"Seepage and Evaporation * & under 
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iMtrminalion of AnAUoi Run'^ff or Flow off of u CotehmtTii: 

Thf^rc are a number of fonutilae and methodfi £uch as : 
Binnie’s pettentAges, Barlow’s tables^ Strange's tables^ 
Inglis's formulae^ Khoala^a formuln, \"€rmiiele’s foi'mula, 
which are more or Jess baaed on the area of catchment and 
the annual rainfall, and are derived as a result of their 
obsen^ations froin certain parlicular catch nienta in dtfTer- 
ent parts of the eountr}' and their sghnLiMtj liinited only 
to those catciiments. There are so many varialde factoid 
affectmg run-ofls from different catehments that il is almost 
impu£«ible to get correct restdla from any of the formulae. 
The results of one catchment cannot be applied to another. 
Therefore these formulao and tables lutiat be used with 
caution if at aU applied. The rational method given under 
*'l>rainage^* may be ubked. Alan see under Waterways 
for Bridges". 

Rain Gauge. The standard rain gauge used in India 
is called the Simon’s min gauge. It consists of a cylin' 
der 5^ in dia, with ita base enlarged to 8'. A funnk 5' 
in dia. is fixed over the cylinder. The funnel shardc is 
inserted in a glass bottle which receivcjs the rain water. 
The water of the bottle is poured into a measuring gla^ 
supplied with the rain gauge, which gives the number of 
inches of rain that has fallen over the funnel. The rain 
gauge hi fixed in a concrete block in such a position that 
the rim is 12' above the ground. A rain gauge should 
be fixed in an open place far removed from trees, buildings 
and other obstructions. The rainfall is meaaurcd every 
day at S a.m, Hain gauge stations should be evenly < h!=H 
iributed over the area of which the min fall is to be mea¬ 
sured. In plain country, one rain gauge may be fixed for 
ail area of about 50 tniltiSj and in hbly count rj' accord- 
ing to the nature of the site. Automatic rain gauges are 
availah'c which record all the rainfalla on a graph paper. 
Such rain gauges are useful for rcconlLug “ijxtenfiitv of 
rainfall,” 

Jl. .>L4JXTEX.\NCE OF CAXALS 

sm Clearance and Berm Cutting 

In view of the Lacey’s thcorj^ of regime flow in allu¬ 
vial channels it may not be nc^ssary to clear silt lo the 
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theoretical led level and crcyss-^sectlod when & ckaiinel 
ia taking ite fiiU supply aad is irrigating ite allotted area. 
If a ehaunei is not doing ite work properly^ it may he 
sxiffkient merely to clear a portion of the eilt to get it 
into efficient working order, or it inny be nef^esaory to 
dear to the full theoretical crosa-section. Where it is 
proposed to do general ailt ctearanoe it should only 
be done after preparing a long-section of the silted 
bed and marking a proper hed ^opa. Bed silt may ha 
thrown on the back slopes of thi. banka or spread out 
evenly in tho neighbouring borrow pita but should not 
be heaped on tha top of the bardi or thrown in lumps 
on the outside. It eho^ild generally be thrown on the 
back slope of the weaker bank to strengthen itj if both 
banka are equally strong, it should be thrown on each 
side altemativelyH Tho silt should never be thrown on 
the inner slopes of banks or where it is likely to be wash¬ 
ed back into tho bod or blown back into the eanol by 
winds. Advantage shotdd however, bo taken to utilize 
&11 good excavated silt in repairing and improTing tho 
banks* Berm silt is on eiedient material for bank re¬ 
pairs of oil kinds. '\\'liere silt is used for raising banks 
it shotdd be covered with 6 ina. of good earth* Where 
general clearances are in hand it should bo Been that 
adt and rubbish are oleared from under the bridges. 
Silt should not be cleared below fAlIn hut if outlets in such 
places arc drawing more water due to a raise in water 
surface, they should be raised. 

Overhanging berms must be out off at a slope 

of J to 1, el™ they W'LU fall in when tho channel is 

numing. If jow'ored continuous, 3 ins. l>e]ow F.S.L. 
they win beoomo uniform next year* Such earth will bo 
useful for repairing banks W'hich are low or narrow. 

Before Btartiiig work on either tho bed or the bomu 

of c hanne l they must bo lined out with flags and string* 

Berm cutting should not be started until profil't* have 
been cut and tho hoes carefully lock-spitted. All irre- 
gulariticfl and kinka in the alignment should be straight 
u>ned and all curves eased off where ocouring or siltiDfl 
takes place, ^ * 
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When a channel is first opened after clearance a 
low supply should be run for a few hours at least 
the gauge then gradually raised according to require¬ 
ments. For regulating supplies to them, distributing 
heads should be plank<d up mm the bottom so as to 
keep out silt. If the head has two more bays, an equal 
number of planks should be kept in each. 

Repairs to Banks and Roadways. All holes and ravines 
should invariably be opened out to the bottom with stepped 
slopes and cleaned of all earth etc.; wet earth should then 
be rammed with wooden rammers in layers 1 ft. thick, 
allowance being made for settlement. Silt from canal 
berms may be used, where such berms exist, or from the 
spoil bank. Where silt is taken by cutting away berms, 
care should be taken that a layer of at least 0 ins. thick 
of silt next to the bank is left untouched and also cross 
dowels at close intervals to permit the berm silting up again 
quickly. Any bank which is to be widened should be cut 
into steps as has been explained in detail under “Elorthen 
Embankments*’. Driving banks should not be raised with 
silt or sandy earth from silt berms but earth should be 
taken from spoil banks; borrow pits should not be made 
on the top of spoil banks as in wet weather they form into 
tanks and may lead to damage by breaching. The outer 
edge of the it^way should never be dag.belled as it will 
stop flow of water. A suitable drain should be provided 
at the toe of the bank to drain away the storm water. 
(Also see under “Banks”, “Service Roa^”, “Dowels’*.) 

Water Weeds and their Eradication 

Aquatic plants are a great menace to agriculture agd 
they spread throughout the irrigation system, in canals, 
reservoirs and tanks, etc. They hinder the free flow of 
water, weeds have been known to grow to such an extent 
that the discharge reduces to less than 15 per cent and 
cands cannot be run without restoring to clearance. 
Weeds render the water of the ponds and streams dirty 
and in some instances contribute an exoeas of organic 
matter which is very harmful if the water is used for 
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domwtie consumption. They increese t^ 

losMs from teeetToirs to a great extent. Weed growth la 

not uniform throughout the year. 

Canals fed from storaro reservoirs or artificial lakes 
grow more weeds than those fed directly from 
and trouble also abates during monsoon penods. 
the stagnant water cannot be drained 
when the canal is closed, the weeds will not die off and 
may even increase. Aquatic weeds can grow m clear 
water up to depths of about 18 ft. below the waty surfa^ 
Exclusion of light reduces weed growth, which can m 
due to turbidity in a canal w ater; there are no cases in 
which the weeds grow where the water is turbid through¬ 
out the year. Where natural turbidity in the ]^rent 
river is inadequate, it can be created by providing a 
pick-up-weir designed to hold about 3 days supply, 
for range to 2 to 6 ft. of water. 

Fairly high velocities should be maintained which 
are not likely to deposit silt and make the 
creating favourable conditions for w«d growth. Weeds 
grow luxuriantly where silt is depositing and the 
18 a l*^ relatively clear. Velocities below 2 ft./sec. should 
not be allowed, but channels should be dewgned and 
maintained with velocities higher than the regime velocity 
as far as possible so as to keep silt in suspension and not 
allow it to settle and for which also deposition of eee<fr and 
cuttings of the weeds docs not occur. WTien canals are 
ncwlv opened they are generally run with low dischai^ 
and ’water has to be headed up at the regulators. This 
reduces the velocity and causes deposition of silt especiallv 
along the banks, rendering the water clear, so that all 
conditions are then favourable for weed growth. There¬ 
after the weeds tend to persist. 

Temperature between 20° C. and 30° C. has been found 
to be highly favourable for weed growth but extremes of 
temperatures have a depressing effect. There are many 
varities of weeds which are formed above and also under 
the water surface which may have to be removed either 
with silt clearance during the off season when the canal 
is cloaed or more frequently, which may be even after 
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li to 2 months time during summer, and the al«ni 

wiD hare to be shut off. No mechanical method 
of weed clearance has been found which is as satis- 
fsctory as doing the work by hand. Chemical methods 
are aim used as described under “Water Supply”. Some¬ 
times “Rush Rotations’* method is adopted. This term 
is applied to running a canal at full supply for sometime 
and all dry at other times. Long interval closures 
destroy weeds and have adverse affect on their growth. 

Remodelling of Channels 

A det^Ied hydraulic survey of the channel is necessary 
from which longitudinal and cross-sections are plotted. 
The sections should show : Existing full supply and bed 
levels, crest levels and working heads of outlets, water 
levels in water courses prevailing when high level fields 
are irrigated, dimensioned details of banks. Proposed 
bed levels, working heads and water levels in water courses 
and banks should be shown in different colours on the 
same sectiori paper. The proposed channel sections 
may be within 20 per cent of the Lacey’s regime sections. 
For longitudinal sections the horizontal scale may be 
2 inches to a mile and vertical scale 1 fSO. 

12. WATER ALLOWANCE A DUTY 

For preparation of an irrigation scheme the amount of 
water required is based on the following considerations 

(•) Crops : Some crops need more water than othm 
and this quantity is very variable; (ii) Soil : Sandy 
porous soils wrill take about 2 to 3 tiroes more water than 
clay. (The light textured soils require less water per 
watering than the heavy textured soils, but the total 
amount required by heavy soils will be smaller than 
light textured soils.) (m) Season of the year, (iv) Sut 
soU water level (c) Method of water distribxaion', (ei) Con¬ 
dition and Design of the channels and the distance the water 
has to travel', (rii) Rainfall ; etc. 

Water Allowance is defined as the number of cusece 
of outlet capacity, authorised per 1000 acres of culturable 
nrigable area. The water allowancie, therefore, not only 
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determmfcj the siie of &n outlet for any are* but also forms 
the baaifl for the deaagu of the distributing chaanel in suc- 
oewve reacbcfl. 

Too much of watering is harmful and no useful purpoee 
is served by supplying water beyond the quantity required 
for maxi mum yield for the parUoular crop sjid which 
can saturate the soil. In a ponoua soU the extra 
will go down to the sub-soil water-table carrying with it 
the useful salte and shall be a waste. If the soil hM 
impervious substratum the extra quantity of water is 
likely to create water-logging which would affect the yield 
of the cropa or might bring up harmful alkaline salts to 

the surface. , . , 

The Gross Area Commanded by the canal is fixed 
from which the Culturable Area Commanded {Irrigable 
Area Commanded minus the unculturable area within 
it) 13 made out, and then tho percentage of the area to 
be irrigated during different crop Bcaaona aod the water 
nqnired for the same is computed. 

The gross requirement repre^nts the total supply 
of water which ia to be arranged for a syatem and is the 
nett requirement for plant growth, percolation and evapo* 
ration losses and aumice waste, ete, 

Tho area to be irrigated per mile of a channel is not 
(yt^inarily in cioess of 600 aerea and the percentage of 
Kabi to be irrigated is between 4 tq 6 per cent, of the C.A.C. 
per week for max. peried in which one watering is assumed 
^ be completed. Depth of each watering is usually from 
2^' to 4' depending on the kind of crop. 

TFafer-tum— Means any particular crop or area will 
have Its turn for water alter so many days in accordance 
with a programme. 

Ctop Ratio —This is the ratio of the area under differ- 
mt crops of a particular channel to the entire project 
to be irrigated, 

IS^tj of canal water— Duty denotes the irrigating capa* 
dty of a unit of water and is the relation between tu area 
of Und served and the quantity of brigation water used, 
ft is the area irrigated during a base period divided by 
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the mean laupply titilixed in Bote p&iod or Ba^ 

ie the period daring which w&ter ie sappihed to the crop'—^ 
whole crop season^ It is nsnallj reclconed in dayv. Iji 
the case of irrigation from tanka the dnty ia the number 
of acres (av.) irrigated by a milHon c.ft* of water. Duty 
varies according to the kind of crop, natare of noil, cHmaloo 
conditions, canw conditions and the method of caltiva* 
tion. etc. FnU supply duty of a channel is the area irrigated 
diyided by the full eupply capacity of the channel Aa 
the water requirement of a crop varka greatly at diCferent 
timee of a year, the duty worked out for one crop period 
is an average duty« DeJUi is the total depth of water 
required by a crop to come to maturity^ It is generally 
denoted by A cusec day on one acre results in a delta 
of 2 ft. (approx). 

From duty or delta for a crup we get on idea of the 
amount of water required by the crop. 

Relatlomhip between Duty and Delta : 


L93xB 2 xBase 
D “ “DSu 


^ ^ SAiOOxBaae 

“ 43600 X Delta 



* = (approi.) 


Delta A= 


A=aYerage depth of water In feet poured in a crop, 

B=baae of duty (number of days during which supply 
of one cuaee runs in order to nmture a Oiop), 

D=duty of water (number of acnes of crop matm^ 
by one cusec), 

x=diKharge in cusecs neoeesaiy to urigato a given 
number of acres (A) with a given duty (D) 
and base B. 

&64(X> is the quantity of water flowing in 24 hours 
in 0 . ft., j 43600 Lb the quantity qf water over one acre 
of land^ I ft. depth. 

A ctiaec of water running for a day = 2 acre ft. approx* 

Acreage/Duty=Di8cbarge in the cliaiinel. 

Duty is said to be "low" when large amount of water 
ie applied to irrigate a small area of la^, and it ia said to 
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be "high'* when small Tplmne of water irrigalcfl a large 
area of land- Since different kinds of crop require differ¬ 
ent amounts of water therefore duty is different for each 
crop. 

Duty ia generally reckoned at the head of the water 
course (or the field chajmel}. Duty reckoned at the bead 
of the distributary will be less (than at the head of the 
water course) and that of the he^ of a canal will be lesser 
still. Duty goea on decreasing sa we go higher up aloi^ 
the distribution system due to tbe loss of water in 
transit. 

A knowledge of duty for tatious cropa is helpful in 
the dagign of irrigatLoo channels in a project. The area 
that can be irriga^ ia worked ont from, the quantity of 
water available at the head of canal and the over-all duty 
for all crape. It alM helps to check the efficiency of 
the working of a canal system. The duties and deltas 
adopted in various parts of India are very variable* 
Exact figures ehould be obtained locally. 

Methods of IrrlgatLon : 

Bodin fm^ion—It conaista in flooding the area with 
a large quantity of water at a time. A greater quantity 
of w ater is required and the duty is less. 

Ft(^ /rri^iwi—The plots of land are fLoeded with 
water a few inehes deep. This requires more w-ater thac 
furrow irn^tion but less than basin irrigation. 

FuTTOiB Jmyafioa—Water is applied to a field by means 
of smallt narrow field channels, and is suitable for crops 
grown in rows. Since the water is not applied to the entire 
area, the consumption of water is less. 

Advantages and Dlsadvantagu of Ttibe Well Irrigation ^ — 

Advanlag>t4 : Isolated areas can be irrigated; Water 
is available all the times and is under control i Tube Welli 
lower the sub-soil water level of waterdoggod areas. 

Diaadvanti^tA i Tube well waters have no fertUizing 
qualities of silt; Initial cost, working and parts replace¬ 
ment eipenees are higher than those of the f bw Lnigation \ 
There are more possibilities of breakdowns. 

The water of a well should be tostod for its salt content. 
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CUsslfleatloo of crops : 

(a) Heavy crops (perennial — 12 montha}—Sugarcane, 
Pan gardens. 

(6J Medium orops (seasonal and two seasonal) — All 
fruit trees, flower gardens, ground nuts, all vegetables, 
wheat, potatoes, guinea graas, luoerfne. 

(c) Ijgbt CTope (hot weather and seasonal) — Tobacco, 
cotton, rice, maize, mecca, barley, jowar, peas, hemp 
and fodder crops. 

(j) oj crops (or Base periods) in tJie Punjah and 

}fQTiheni India : 

Kharif crops : April to Sept. — 1S3 days (summer crop) 
Rabi crop : Ckit to March—182 daya (winter crop) 

Zaid Kharif; la late summer crop—^pt. to Jan. 

Zsid Rabi : la late winter crop-^an. to April. 
Perennial : Is twelve months crop. 

Usual ratio of Kharif area ia one-half of Rabi area, 

{«} Bases of crops in Jjtc Bombay Deccan: 

Kharif (monsoon) 15th June to 14th Oct.— 122 days 
Rabi (winter) ISth Oct. to 14th Feb.— 123 days 
Hot weather 15th Feb, to 14th June— 120 days 
This ia also aometinies known as ^*Cfop Penods^'. 

In South India, Rabi and Kharif seasons are not quite 
distinct, and there ia no marked distinction between the 
varioue seasons. 

In Rajasthan and the areas round about, ax seasons 
are reckoned each of two months. 

In the remaining parts of India three seasons are 
generally observed where monsoon lasts for about 4 months. 


Total depth of water required in inches for aome of 
the crops (av. Delta on field in inches) : _ 


Crop 

Delta 

Crop 

Delta 

Rue 

48—72 

Vegetables 

18 

Sugar-cane 

48—60 

Cereals (Wheat, 
Barley) 

12—16 

Lucerne 

36 

Maize 

10 

Tobacco 

30 

Fodder 

9 

Uaiden fnute ... 

24 

Orebarda 

24 

Cotton 

20 

Pern. Forage 

36 
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The AbciTe fi^itreB are TCiy Approximate and vanabla 
Accordiikg to the soil and climate^ 

The nanal depth of first watering from a well is 3' in 
& ploughed flfiki and the subsequent waterings are of 
2^ depth each. 

Kharif crops require about twice to three times the 
quantity of water required by Kahi crop. 

In designing a distributary^ an allowance of 25 per 
cent ^ould be added to the above, for the requirement 
of Water ia not spread evenly over the whole wriodj and 
to allow for the time factor thia is multiplied by about 
10/7 to arrive at the Hnal rignre of discharge for whiGh 
the distiibutarj should be designed. 

In the Punjab water allowance of 2 to 3 cuaecs per 
JOOO acres of C.C. Area is enough except for sugarcane^ 
rice and garden areas for which about double the quantity 
is provide. In U. P. a discbaige of one cnaeo has been 
found to be sufficient for a cuJturable area of about GOO 
acres, or approx, one sq. mile. A discharge of less than 
one cusec, efipeeially in sandy tracts, ia not ordinarily an 
eoanamical proposition for irrigation purposes. It followi 
that where tub^wellH arc provided they should be spaced 
about one mils apart. To meet the losses in transit from 
the head-works to the crops, provision at the he ad works 
should be made for 10 to 20 per cent, extra. (See under 
"Absorption Losses.") 

The intensity of irrigation may be kept about 40 to 
60 per cent, in the case of village lands w'here some means 
of irrigation such as wells exists otherwise the intensity of 
irrigation may be ftom 60 to 80 per cent giving about 20 per 
cent of land for rest dnring the year. Keur the rities where 
vegetable crepe are rais^^ the intensity of Lmgation 
ebould be cent per cent, ilntensity of irrigation is the 
percentage of tbe culturablc commanded area which ia 
proposed to be irrigated.) Some land should be allowed 
to have rest during one year. Intensities of irrigation 
for different cropa vary in different localities. 

13 . lEBIGAnON OCTLLnS 
Explanation oE Terms 

An outlet ia a device (fixed nr regulating) built at the 
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lifod of a and vhich eoimecte tha irater* 

coune with the dietribdting channel and controls the flow 
of Water in the water-course. It is a connecting linfc 
between the irngator^s channe] and the GoTt. irrigation 
s3'stem» OrdiniLrU^} ontleta are not built in the main 
line or braneheBi when bqiltt such eutlete are termed 
"direct outlets** and are usually rigid modules. DUtribn- 
tion of water is carried out br means of outlets and they 
provide a measure of discbaige pasraug tbrotigb them.. 
An irrigation outlet may be :— 

A Alodvlar oullft whose discharge la either inde¬ 
pendent of the water Icrels in the distributary and the 
water-course and which cninircp constant or fijed supply 
within oertain working limHa, or the discharge depends, on 
water level in the distributary' only. The former outlet 
is called a rigid moduk or tnodefe white the latter 

is called a semi-inodvk or /feitidi moduk. These outlets 
are used where charges for water are made on the baas 
of quantity supplied. 

A modular outlet is neccesatr for equitable, propor¬ 
tionate and economical distribution of irrigation water. 
This type of outlet emails greater loss of head than non* 
modular outlet and ia also more ccetly. 

A teffli-iuod'trfar is that outlet whose dischaige 

varies according to the water level in the supply ehnni^ 
but is independent of the fluctuations of water level in the 
Water-course (or downstream channel}, so long as the 
mini mum working head required for the working of the 
module is available. In irrigation channels mestTy scmj. 
modules arc U3«d so that all the outlets (in the head or 
tail reaches) draw proportional discharge according to 
the Water level in the parent channetH A aemi-module 
may be a weir or an orifice having a free fall. Pipes 
Working under free fall conditions are semi-modulca. 

A non-nd just able proportional sembmodule outlet 
can work in non-alluvial soils as there is no ailt problem. 

A A'on-ttfocfulnir out/eJ is an outlet whose dischaigcr 
ifi dependent upon (and varies with) the water levels in the 
supply distributary on its upetream side and the water* 
coume on its downstream aide. Such outlets usually 


17 /L 18 ESBUisr fbactical civil hlan-dbooe 

codsist of a r&ctadgiilar opeomg and a pavement. The 
diseharge 143 not ooniitaat also due to silting^ and high lands 
get leas water. They are usually used for channeb serving 
lift areas, 

A non-modular outlet may b« an orifice {pipe or barrel- 
Bubmorged} typo. It is controlled by a shutter on its up¬ 
stream end I arrangement is provided to lock the shutter 
in any required position so as to have a given discharge 
through the outlet. The main dUadvantage of a non- 
modular outlet is the esse with which the cultivators can 
increase the discharge passing through it by aiit clearing 
the water-course and thus increasing the head. 

Raiing Flumt^Aa open conduit built in a channel to 
maintain a consistent legiEnce for the purpose of measuring 
the flow and developing gauge disch^ge relation, 

A flume is bnaed on the principle of a Venturi Meter, 
but it is in the form of a taper in an open channel, which 
increase the velocity, resulting in a difference in head 
between the upstream side aud the throat of the flume. 

FiujiK —A flume is a narrowed waterway (or a narrowed 
channel), usually built in masonry for measurement 
of the discharge, may, therefore, be defined ae 

reduction of waterway below the normal, and this b 
accompanied by Increase in velocity (and loaa of head). 
Flumes are divided into two main da'^acs t flumes with 
“free"' water surface or open flum^ and covered or roofed 
flumes as t^n/uri /fume;. The purpose of Auming is to 
ciTcct reduction of section without causing extra loss of 
energy, as at a sudden change in the cross-seotion eddies 
are formed which entail loss of head. The eilt of a flume 
(outlet) IS designed in such a manner (by gradually ex¬ 
panding) that no standing wave ia formed and there b 
no loss of head. Fluming if properly done may enablo 
the water to regain nearly the entire head lost at the 
entry. In a venturi flume the inlet contracts gradually 
end the outlet expands w-ith a (depreased) throat in the 
middle. An outlet in which a staib^ng wave is formedf 
b semi-modular. When the head available to use a 
standiag wave flume as a floml'module La not sufficient. 
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venturi flumea are used. In tha case of a standing wav? 
nnme,^ the dlfeharge is a ftincticti of the upstream depth 
□nlj^ in Tentuii ftuuies the discharge varies uhth the dif¬ 
ference of water levels upstream and in the throaty Open 
flumes are suitable for the tail reaches of chaxuiels and 
preferably in the form of distributors and clusters. 

Cmiroi or Rating Plume, A flume for measuring the 
discharge in a chaoneh 

Meier^A meter is a measuring device and in irrigation 
engineering its use is restricted to structures installed for 
meaEoring discharge of channels. 

Meter Fletme ^—The device for measuring discharge from 
the direct moaflurement of the depth of water flowing 
over it. 

Surjatx Outlet —Is a weir or Ou^h escape which allows 
th* durploa water to escape above the full supplv level of 
the channel. 

Module —A device for ensuring a constant discharge 
of ^ter pasdng from one ehannel into oiiother iries* 
pec^^ve of the water level in each, within certain speciSed 
limits, (h) a device for measuring or controlling the 
flow of water. 

A.P.M, {Adju^itable proportionate modub)—A senii- 
modulor submerged orifice outlet with an adjustable roof 
block designed to distribute small voriattoivi in supply 
proportionately when set at the correct level. The dis¬ 
charge varies as the depression of the roof block and not 
as the bead measured from the distributary water surface 
to the centre of the orifice. 

OutUt Adjustment of the discharge of an out¬ 

let by altering the working head. The setting is the 
ratio of the depth below y.^S.L. of the sill or bottom 
of pipe of an outlet to the fuD supply depth of the channel 
at that point. 

Jfinimuoi Modular Head (Modular Limitsj—The mini^ 
mum working head re<jniried for the modular working of 
an outlet. It is the difference of water level betw^n 
*npply and delivery aides which is the minimum necessary 
to enable a module or semi-module to work as designed. 
AH modules, whether rigid or flexible, require a certain 
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muiimuifL he^ to ensure mnduloLiity (i.e. ita working; as a 
modular outletjn In the case df rigid modulca there is 
&Isd an tipper limit (max^ modular head) beyond which 
consistancy of diBcharge fails. JVlimmuni working head 
normally recjuiied for an outlet is 0.2 x the full supply 
depth of the distributary. This is what would be requir^ 
for an open flume outlet set nt bed level. 

Working Range or Range of .Ifoduiariiy — Modules work 
as modular outlets within certain limits of water levels 
in the distributary and the water course; the range over 
which each module work? as a modular outlet, is called its 
working range or range of modularity^ 

Z?eprir«ffion or £hpresaioit head — The depth of a point 
below the supply level at a semi*module in terma of 
which the discharge can he expressed in the form of a hy* 
drauiio formula. In the case of an open type modtiUe 
the depression head ie measured up to the sid level and 
in the case of an orlliee module up to centre of the orifice. 

Depression Ratio —The ratio between the depreaion 
head and the height of the opening.. The depresaioB 
ratio is considcretl only for an orifice type module as it is 
unity for an open tjpe module. 

Outlet Area or Chaks—An outlet chak is the area 
included in the iirigation boundary of an outlet. The 
discharge of an outlet is worked from CCA, in the aaid 
chak based on the pennissible intensity of the irrigation 
and the wat^T allowance. The maximum discharge 
of an outlet is 3 cnseca and the minimum 1 ousec^ The 
length of the wateT-cnurse irrigating tho chaks abodd not 
be more than 2 (max. 3) miles^ 

Pfoportiojial J/cduiin^^Thc fitting of sembmodulee 
on a siippl 3 dng channel in such a manner that when supply 
fluctuates each off-take draws always a constant proper^ 
tion of the supply. 

Raleable — An outlet is said to be rateable when it 
can be rated or set to give a particular dxed discharge 
under a given set of condition-s. 

Mod^itr Limits- — The upper and the lower limits of 
any factors beyond which a module or aemi-modiilo 
to be acting as such. 
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Jfm» Modular £io#j—The mininmni loss of head or 
the difference between the nupply and delivery water 
levehi which ie absolutely necessary to be maintained to 
enable the module to pass ita desired dischar^. 

Working //end—The difference between upstream and 
downatream water levels^ or those of the supply ehannel 
and water-course, 

FltxifnlUy —la the mtio which the rate of change of 
discharge of the outlet bears to the rate of change of dia- 
charge of the diatribulary. 

—The ratio that the rate of change of dis¬ 
charge of an outlet bears to the rate of change of water 
level in the supply charmel when referred to the normal 
depth of water in it, 

(In the case of ‘Reiibility't while taking the ratio, the 
diechaTge in the supply channel and the nutlet is oonM- 
dered, while in the case of 'sensitivity'^ the level In the 
supply channel and the discharge in the outlet ftre 
considered,) 

SeiutUiveness —The variation (per cusec) of discharge of 
a semi-module for a tenth of a foot variation of supply lereh 

Partially Rigid ModuU^An outlet which works os a 
aemUniodule up to a certain level of water (usually full 
supply level in the parent channel) after which its discharge 
remains constant. 

Rigid ifodule—-Module passing a fixed supply. A rigid 
module without moviug parts is used, 

DrtnciTig Ratio —The ratio between the depth over 
the crest of water level downstream to that of water 
level upstream of the outlet. (Also see page iT/d], 

Sab^rged Orifici —An orifice which in use is drowned 
by having the tail w’ater higher than aU parte of the 
Opening. 

Efficiency of an outlet is the ratio of the head recovered 
to the head put in. In the case of the weir type of 
outlet, efficiency is the same aa the "drowning ratio". 

Tan Clitalcr —Outlets (two> three or four) mode at 
the tail of a supply chanuel. The sill level of side mo¬ 
dules is Bometimes built 0,03 ft. lower than the central 
caodale and gauges are fixed with their Eeros at the crest 
evd of the centi^ module to compensate the side modules 
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for reduced velocity of approach. The crest of all the 
modules [at the tale) should be at the same level bd that 
any change of water level in the supply channel may 
them all e<pjally, as there is low depth of water 
in the tail of a eKanrtel. The outlets at the tail cluster 
should he of the open flume type. 

Rigid modules are : Gibb’s^ Foote's, Khamia^s ; Ghafoor’s, 
Semi-modiiles oi^iee type are : Chump's (A.P.M.j; Kennedy 
gsu^^ outlet; Kent^s ; Jamrso outlet ; Harvey'Stoddard ; 
Inglia' standing ware pipe outlet. Notch type outleta 
are : Crump s open flume > Jsmrao type open flume. 
JHost of these are not in much use now, 

if orfiife—Is a device for obtaining constant 
discharge even if the ^vater level varies in the supply 
channel up to a certain limit. The water is led through 
a bcU'inouth inlet pipe into a curved rectangular 
trough c^ed eddy chamber. A number of baffles are 
inserted in the eddy chamber with their lower edges 
sloping at the i-equired height above bottom, to pre¬ 
vent mcrea^ discharge passing through the module. 
It IB a riigid module and has no moving parts. It is a 
Ctetly slmoture built of R,C.a or masonry, and it draws 
adt in alluvial soils from the disttibutarv which affecta 
itfl wor^ng. The Poona Research SUtion have standar¬ 
dized the design of Glbb^B module. 


JVrtflfute flumts Were made of gal, iron sheet according 
to certain prescribed designs and were cou-siderod to 
measure accurately discharges up to 3 coseos. The gauge 
IS provi^ on one aide in feet and on the utber aide in 
cuBcca. Thlfi flame la used for measuring the discharve 
of water'Coursea and can be carried and fixed easily. 

The Optimum Capacity of an auikl h the discharge which 
the cultivator can handle efficientlv and should be such 
that the absorption leases in the 'water-course and in 
the fwld are a minimum. The optimum capacity of an 
outlet IS fixed in relation to the hizc of the field, depth of 
watenuff the mte of evaporation and absorption into the 
eod and the time taken to irrignte the field Outlets 
along dia^hutoriea spaced at about 1 to 2 furlenga apart 
are found to be adeK^uate and suitable. * 
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The of a good Ouilfi : 

{i} It should be simple in design, construction and 
baving no moving paita liable to derangement 
by mbblah, veeds or silt and should require no periodical 
^ttention. (ji^ It should be strong enough ao as not to 
be easily tampered with by the cnltivatora, and any 
interference should be easily detectable, (tiii) The outlet 
should be able to draw its due share of silt carried bv the 
parent chsimel, (ip) It should take proportionately more 
or less discharge with the Taiying supply in tbo parent 
channel and should work efficiently with "a smsJl worhdng 
hMd. (p) It should take steady automatic discharge 
of the designed rolumef not withstanding variationa of 
head, within fixed linutSr 

Semi-modules satisfy most of these requirements and 
are generally preferred to rigid modules but have compa- 
ratively greater loss of head. 

Design of OudeLs: 

The outlets ahould be Cicd at right angles to the 
channel and at correct levels. The required loss of head 
should be less than the available difference of level be- 
tw«n the Wbter-course and the cbanneL To prevent 
their being lowered by cultiTalors, outlets should rest on 
wncrete or masoniy pillars at each end. Iron frames 
^ make the tampering w-ith the openings 
diffjcnlt. No direct outlets should be given from the 
main canal or branches but should lake off from dietii* 
huti^es and minors, as regulations of supplies is very 
difficnlt from the main canals. The outlets should be 
able to work with only a small loss of head. 

The_ modules moat commonly used are open flume 
*md orifice tjprt. The clear overfall outlets are the best 
but they require more loaa of head. The orifice tvpo 
of modules require more loss of head than the open Utho 
I jnd are better located in the head reach^ where the 
depte of channel is oonaiderable. Minimum working 
f u required ia O.SJxthe full supply depth 

of the diaiributary; this is what would be reguir^ for an 
outlet set at bed level. To safeguard agsinit 
the ^ heavy fluctuations, a minimum dcpreBaion bead of 
1*5 tB usuallj fixedt 


snt-Dniwi« c»p..itt..i 
Only th.t mu.h 

into outlet Mit0*0 <*”y> eradieots can take 

ailt. \Vat*r-courste a Wh com- 

“""dlooMtifc ?«tat. Aj. outlet trith its e^loTel 

u.uxiu.um quantity of ^ud deep 

will draw leaser ^hi^jh a« shaUow 

openingB will draw more sdt , ^ be proiridfid 

«aoi« ^ ta feed 1 u^ aenenlly conBldered that pipe 

Sw^ted^ W leeeS of dietributariea aeldom g.« 
aay Blit trouHe. 

n KSlSf'i?. -ss- 

various workins heads and are moat auit^ to 

IIa”lSichcs^rtaa clnst^atid ill the form of proporli^ 
?irf^toia The main disadvantage is that m m^y 
^iT^and nUew whieb is ea^y bloekei or la s^o* 

ILd iride^ which &»!» *“ <*•»* ‘t* 

intmell ihaoneU it is seldom possible to Pj»« ‘'‘®f 

of an open tlmne outlet with a normal thscharge of ^ 

?h.n »Teosecs at the bed lesel of the ch^l. Th® 

I^th of the outlet is Umited to a minimum of 0 2 ft- *°d 

MSUeh, it often hecoinea ta 

"e mlUt much above the bed level. The discharge la 

^vcQ hy thfi formoltt * 


Q^CBH 


! 
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B IS Tridth of the throat; H is depth of over crest; 

C is a constant dcpcndiog upon the width of the flume : 


For B=a20 ft. to 0.39 ft. 


C=3,®0 

C^2.05 

C=3.00 


=0.30 ft. to 0.39 ft. 
=over 0.4 ft. 


Standing TFaue Flume cooaists of a converging transition- 
ally rising flume, s hori^nta! and level throat and a 
sloping and gradually expanding flume. The bed of 
the throat is called the hump. The throat on account 
of its large length acta as a broad created weir, {See 
"Flume” in the preceding pages.) Depth of water above 
the hump is taken for calculating discharge^ 

For a constant discharge over r weir the stream lines 
in the flow at the critical sectiou should be parallel. This 
condition in a flame is generally attained when the length 
of the throat is not less than 3H. For a narrow^ long 
flume or with a comparatively largo FT (as in an outlet) 
the friction losses from the eides aud the crest may be 
appreciable. In that cise, to attain pmallel flow, the 
crest should have a slope equal to the loss of head due to 
frictiou in the flume. In the formula given under '‘^Hy- 
draulics” for calculating dlncharge ov^r a broad'Crest^ 
weir frictional losses on the crest have been ignored. 

Orifiee Semi-Module (O.S.M.) 

Consists cs^ntially of an orifice provided with a 
gradnnllv expanding flume on the downstream side, 
lliero are various forma said modificationa, the earliest of 
these is the Urump'e AdjuMtdile Proportional Module (A.P.M.) 
which was subeequently modified and named Adjustable 
Orifiae Semi-Module {A.O.S.M.), It is a Jong throated 
flume in design more or leas like the *open flume outlet' 
with slight changes in the shape in the upstream and 
downstream approaches and the throat. A cast iron 
adjustable roof block with bed plate is TuEed on the up¬ 
stream end of the throat* and hitic adjusted according to 
the desired discharge. The baso plates and roof blocks are 
manufactured in eight standard widths* The silt draw 
Ing capacity is also controllable and when it can be 
Set near the bed it is one of the best forms of ontJeta to 
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giTon 


Thfl dlflchiT^ for A.P.M. And is 

by the fofmiils : 

Q=7.3Bdv/Ha 

_r^'iL *U* <♦>*>•»>! i " *Iov«tioD of the 

™f above the cnat (verticaj height of openmg)- 

r!k ‘'TJ* f**™"!* *™” the watS^ imrfaeB toX 
sofTit of the block opo niTig 

Pipe-Cum-Stmi-Modvie 

^P* takiiigoff ach™d (on 
Uw upstream ade) and opening into a tank about 3 ft 
^oare ou the downstream aide of the bank. On the down- 

t^k a modnie is fitted which may be 
a pj^ working free ao open flume, an A.P.1L or^ an 
^O.S.M., set Mywhero according to the deeign fta 
i^iceecy (Spends upon the type of the module Silt 

liiuw mto the outlet depends on the position of the nine 

rued either honiontal or sloping. 

Pipe or Barrel OudeiA 

.k ®W«>t known tjpe of outlet h 

the «*Kh«nw»n pipe (eolsbn). Now CMt inm or ™ 
ww pipe* commonly need. When . pipT^h.^ 
fr^y in mr It » Kmi-modular «nd whS 

submerged (in the water-conraei it j ^ 

submeiged pipe outlet can pass the ^ 

with . veiy .mull working hSdf even ^Tr*with*ilSk 
no aemkoiodule can fonrtion. Rpn, ™ '' *i“™ 

ded in coociete with umtiea^oTj^ -' 
wJb (or heml walb) of <■*« 

to retain the earth ulope*. Thevar* I^*^*?*"*! 
the hed level of the di^huS? JTw, 

^th™ ' id hi***^**"^ «‘"»l»^“S!^Th,*irj5 

of the |«pe shouki be kept at least fl iiui 
Jh. highectland ftoS^nd 
through pipes is calculated as detaded 
under -hlo. Thmugh Pip«.. ?S .;S 
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ftre Uken into uomnt. Totel li«sd lost h la t 


fVJ Velocit}? of approach Joeo^ ^ d uid L are eq ft 

{ft'JEntiy loffi ^ ?|I! f») ftictkm lo«^ 

“S a 

Total IlMd loot =-^l.s+ 

Value of f i* taken 

^0.005^ 14 stmply 0,005 for elean iron pipes; 


“ “■*' ( '+ la) 

=0.0«7S( 1+ -4) 

v=:v5g£ 


OfT EimpJj 0,01 for encnutod inn 
pipes.; 

or aamply (1,0075 for 
earthenware pipes. 


gUud 


Q-AV 


.6d-|-4rt' 

The co-efficieat OJi in “entiy low" (or teas of head at 
mletj \s for an inlet with isliarp entry, W this oD^fficient 
to only 0.05 when the inlet is bell-mouthed. 

The friction Joes can abo be found fmin the tables and 
formtiLae given under "Hydraulics'’ and “Water Supply"* 

For practical purpoeos discharge is calculated from 
the simple formula ; 

Q=cAv^ 

If the outlet has a free (alt. H is nteaaured from the 
of the pipe or barrel to the supply level in the 
atotributajy'. If the outlet is drowned, i.e.* dnehargee 
into a water-course in whkh the water level is above the 
^P of the barrel then H is the difference in the ^watar 
fwel in the water-course and the distributaiy. 

The co-effident c variea with the length and alie of 
the pipe, ita material, the nhape at entry and other vary, 
ujg laetorfl that itiriuence the discharge through a pipe 
^tlct* The value of the co-efficient increases if the water 
level in the water-course rwes and changes the outlet 
from a free full into a drowned outlet. The co-efficirnt e 
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varies from 0.63 for a free fall to 0.80 for a submerged 
outlet, but at the same time there is redaction in the head. 
The coefficient is generally taken 0.63 for a cast iron 
pipe outlet with free fall and 0.74 for a submerged outlet. 
Allowing for the obstructions etc. in a drowned outlet, 
the value of o may be fixed at 0.70 in-stead of 0.74. 
So long as the head is more than double the diameter 
of the pipe, the error in using a co^jfficient of 0.73 is 
small but the value falls off rapidly for small heads. 
These figures are taken for all sizes of pipes but are more 
correct for 6-in. pipes of encrusted iron or concrete and 
of 12 to 15 ft. lengths. (Also see further). Most of the 
Irrigation departments have their own standardized 
and officially approved discharge Ubles foi outlets, but 
which may not give correct results in all cases. 


The above will indicate that if the outlet was* just 
working as a free fall its discharge can be increased by 
allowing the water-course to silt up and thus drown the 
outlet. After a certain stage, however, the increase in 
the value of the co-efficient would be compensated by 
a decrease in the working head and further silting up 
would reduce the discharge through the outlet. 


The following values for co-efficient o have been 
approved in Madras I.B. for concrete pipes. 


Length/Diatnet^r 

Co-cfTicient o 

Length/Diameter 

Co-efTiewnt c 

8 

0.78 

50 

0_58 

12 

0.76 

60 

o 57 

16 

20 

24 

28 

32 

.36 

40 

44 

48 

62 

0.74 

0.72 

0.70 

0.685 

0.07 

0.6.53 

0.635 

0.62 

0.61 

0.60 

64 

68 

72 

76 

80 

84 

88 

02 

06 

100 

0..56 

0..55 

0,54 

0.53 

0.52 

0.515 

o.-ios 

0.60 

0.40 

0.48 


tnd malUplied by 1.11 for glazed atoneware pijwi") 


iron pipes, 
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For fixing of discharge from a pipe outlet» as the depth 
of water in the supply channel is variable, two4hird or 
even one-half of the full sopplj discharge is taken for 
calculating the dfcimeter of the pipe. 

Where short pipes are used to liuild up the barrel, 
the soeketa aheuld preferably be laid facing the down* 
stroAui end egainat the usual convention of sockets faaug 
against the flow, othcrwifc the front socket ^vill act as a 
hell mouth* The projection of the upstream end of the 
pipe in front of the inafiOiir 3 " has no appreciable effect on 
the co-efficicnta of discharge* 


Dia. uf pipe 
in inches 

Ares of pipe 
inaq. ft* 1 

DIa. of pipe ' 
in incJiea ^ 

Area of pipo 
in eq. ft*. 

3' 

O.tMD 

10' ] 

a.545 

4 ' 

b*DS7 

12^ * 

D,7S5 

iJ' 

O.ISfl 

14 ' 

i.oao 

0' 

a* 1 Wi 

15' 

1.23T 

7' 

a *207 

I IS' 1 

1.767 

8' 

a.84!) 

21' 1 

2.405 

e' 

0.441 

24' 1 

3,141 


SfiTaichhy Outl4i 

This differs from the pipe outlet only at itg down- 
:&treain end where the barrel opens into a 2 to 3 ft, aquaif} 
cistern* at the downstreain end of which a cast iron or 
btone orifice of the dimensions required for the dedgn 
discharge ia fitted in a masonry wall. The length of ori¬ 
fice is kept 1.5 to 3 times ita shortest transverse dimension. 
As the pipe is fixed at the channel bed level, the orifice 
can be fixed at a higher level so aa to enaure semi-modu¬ 
larity, Many engineera prefer the use of Scratchley out¬ 
let to the uidiple pipe outlet. 

The sluice type of outlet is used where vari¬ 
able huppUes are required to be given at differsut times, 
as from tanks or reservoire or inandatlon eanala* Simple 
design consists of circular or rectangular pipe or vent 
under the embankment between two maaonry walls at 
the ends, provided with sliding shatters which aie gene¬ 
rally with locking arraugcmenU- 

Since supply levels in ehanncls vary very often (thus 
changing the w'Ofhing heads], ideal conditions for outlet 
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5^1 which make the aelectioo 

Of oa tJet type diflicult. A minimom workixig head ia 
Msrat^ for the efficient working of outlet* and the site 
for fixing the outlets has to be selected with respect to the 
co mm a n ds of the outlets. Semi-modular types are re- 
mmme^^ for general use. Non-modular types should 
bearded as far as possible, but where the available 
working head m bmited. the Scratchley type may be used. 


14. 


miscellaneous irrigation 

STRUCTURES 


sot Bidodart and SOt BJeetors 

Are devices by which the entry of coarse bed-silt into 
a i, reguUt^ ; ^t is either extracted from the water 
entenng the canal or is precluded from entering the canal 
c^oes are built at the head of the main regulator 
•nd at branch or di^butary reguUtors. The sUt ex- 
cdiK^ deviro built m oonjuction with the Head Regula- 
Mnal on the upstream side in the river b caifod a 

^ excluding structure b 

oooB^cted a(^ a anal at a point after the head regula- 
tor It IS usually caDed a nU extractor or nU eiielor The 

twed for both the excluder 
ejJJtors in canab are more effi- 
^ than ^e adt excluders at the head of a canal be- 
conditions necessary forsUt exclusion can be 

than in the river bed. 

tUted^^the he^ 
f ^ nveTsUt obeervaSos are nuub 
^n J quantity of silt passing int^hS 

percentage of sUt chargTenterinir the 

u — • «wge i.nac a canal m regime can carrv 

^ 

to close the canal and de^k J*®®?**^ 
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aOt ei^oden «lOt extractors are designed lies in 

fact that in a flowing streain carrying silt in suspension 
the c oncentration of the aUt charge and silt grade in the 
towe r laj rers is highw than in the upper ones. Conditions 
created to provide concentration of silt charge near 
k* ^ settle into the lower layers, 

^reducing the velocity, providing a smooth surface at 
bod and sides to reduce fiictton, and by taking the water 
»t a gentle angle w as not to cause any turbulence which 
paay stir up the silt. The top silt^free water is admitted 
into the c a nal and the lower nigh silt^laden water is passed 
through tunnels and under-sluices with a high velocity 
without any distarbanoe. 

The foUowing methods are adopted for aiU control at 
Head-Works : 

(а) A divide wall or raised crust is provided in the 
nver on the side the canal takes off and a pocket or pond 
M e^ted in front of the scouring sluice between the 
h^ regulator and the dividing wall. Silt deposits in 
the pocket and only clear water enters the canal. When 
•ufficient silt has accnmulated in the pocket it is scoured 
out through the sluice gates. This is called Still Pond 
Spstem. 

(б) Soounng sluices or under sluices are provided in 
the main wotr wall. Sill of the head regulator is made 
at a higher level than the bed of the approach channel, 
or the sill of the scouring sluices is lowered, so as to admit 
only the clear top water into the canal. 

(c) Silt excluders are provided in the pocket of the 
scouring sluice just above the head regulator. These 
oonsist of tunnels which are channels 6 to 8 ft. wide with 
top covered with R. C. slabs. The top of the slab is at 
the sill level of the head regulator. The silt excluders 
oxtract silt from the water aixl lead it to the river or other 
natural drainage. The channel between the extractor 
•nd the river through which the escapage water is dis¬ 
charged is known as Tail Race. The tail race should 
have a steep gradient. 

Plsvement in the approach channel is provided so 
M to reduce disturbance, (s) Velocity of water at the 
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intake is reduced by providing wider head regulator. 
if) Upstream noses of the piers of head regulators are 
bent, (y) A small discharge is admitted into the canal 
when the water is very turbid, and a large discharge when 
the water is clear. 

Silt ExtrcuiujTt from Canals : 

Silt Ejector consists of a number of piers, 2 to 3 ft. high, 
for the full width of the main canal which are covered 
with an R.C.C. slab to form an under tuimel. Two or 
three sets are provided one below the other in the first 
reaches of the canal and at the end a cross regulator is 
constructed with a weir at the downstream side of the 
canal, and the silt-laden water is lead off to the river 
through the under tunnels. 

Sometimes ejectors are made in the form of a Saddle 
Syphon which is a syphon capable of being primed with a 
small additional discharge for flushing out the bed silt. 
A guide vane and an inlet tunnel is provided for the pro¬ 
per functioning of the syphon. 

The canal length between the head regulator and the 
ejector is called an Approach Channel. Generally a large 
quantity of silt is deposited in the first 5 to 10 n^es of a 
channel. The first reaches in a canal should be given 
steeper slope to produce a higher velocity to carry down 
the silt. 

Silt Escape is only a weir wall with its top at F.S.L. 
provided with vente and gates, having the sill of the 
opening of the vents about a foot or two below the bod 
level of the channel. 

Silt Traps : Pits or basins are formed in the bed at the 
canal inlets, which on account of increased section re¬ 
duce the velocity of water and induce deposition of silt, 
which is flushed out periodically through an escape. 

Silt Vanes are wralls or obstructions made to obstruct 
or to divert current to exclude silt entering the smaller 
charmer. The vanes are made parallel to each other and 
are either straight or curved and are of short hei^t only. 
Reservoirs : 

To prevent silt from entering a reservoir, the system 
of serial reservoirs (serial tanks) is recommended. Here 
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the nppemoet reservoir gets silted up and the other 
reservoirs are left free. Vegetation in the catehment area 
will also arrest silt flowing into a reservoir. 

Strengthening of Canal Banks by Silting 
(Also see under “Spurs (jrojTies”). 

The. In-and-out system : Additional parallel banks are 
constructed outside the. original canal banks. Cross 
banks are put at intervals varying from 500 to 1000 ft. 
to connect the two banks and form series of compartments. 
These compartments are provided with inlets from the 
canal at the upstream end and outlets at the downstream 
ends. (Inlets and outlets are at convergent and diver- 
^nt angles with the bank.) A part of the canal water 
is passed through these compartments and silt is thus 
deposited. 

The Long Reach system : External parallel banka are 
constructed as for the “In-and-out” system with cross 
banks at intervals of 4000 to 5000 ft. Inlets are provided 
to the compartment at its head and outlets at the tail of 
the compartment. Whole of the canal water is diverted 
into one compartment at a time and the canal conti- 
gnoua to the silting compartment is blocked at both ends 
to increase the silt deposit. This sj-stem is not so efTicient 
the first one. 

The Internal silting system : Is for new canals. The 
banks are set back a small distance from the normal sec¬ 
tion and enducements (groynes) are constructed to encourage 
the deposit of silt internally on the berms. 

The above methods are adopted for strengthening 
banks of soft and pervious materials. To obtain satis¬ 
factory results with a long scries of reaches, each reach 
should be closed and made reasonably secure by obtaining 
» sufficiently heavy deposit and then only other reaches 
taken in hand. 

Cross Drainage Works — Aqueducts and Siphons 

An aqueduct literally menus a olmnnci for conveying 
water and it may be either above or l>olow the ground. 
In irrigation engineering the tem» is confined to moan a 
•tructure canying an irrigation canal over a drainage 
channel without having to lower down the bed of the 
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dnintge chanoel for the croaaing. The aqueduct is a 
culvert or a slab drain when the canal is carried within 
earthen embankments without any masonry retaining 
walls over the croes drainage work. These ore suitable 
for crossings over small streams and where the difference 
of level between the bottom of the canal and the high 
flood level of the drainage stream is small. When the 
canal is led under the drainage channel, and the level of 
the drainage is so much above that of the canal which does 
not require dropping down the bed of the canal, the 
crossing is termed super-passage. When the bed level of 
the drai age channel has to be depressed below its natural 
level to pass it under the canal (aqueduct) it is colled a 
siphon aqueduct but when a canal is similarly passed below 
a drainage channel or another irrigation channel, the work 
is termed canal siphon or siphon which is really an inverted 
siphon 08 the bed of the canal is dropped down below its 
general level and raised again. When the bed of a channel 
is dropped at the entry to the crossing and is not raised 
bock at the exit but continues at the depressed level it 
is not termed a siphon aqueduct but simply an aque* 
duct. 

The best site for cross-drainage works is where the 
drainage and canal cross at right angles with fairly straight 
lengths at both upstream and downstream sides. A good 
rule is that the straight length on the upstream side 
should be not less than 10 times the bed width of the stream 
in cose of a small and quick flowing, and 5 times for a 
large and alow moving stream; and the straight length on 
the downstream side should be double that on the upstream 
®de. The waterway required for the drainage channel 
should be calculated as explained in Sections 16 and 19 
and some extra should be taken in the form of freeboard 
or clear headway above the anticipated highest flood 
level to prevent blocking up of the waterway by silt or 
debris. 

The velocity allowed in on aqueduct is 5 ft. per sec. 
or twice that in the channel, which-ever is less, which is 
obtained either by increasing the bod fall in the aqueduct 
section or giving a fall at the inlet. The waterway con 
also thus be mode narrower and cost reduced. No sd- 


nUUOATIOIC 


17/135 

vaoUge may however accrue by reducing the width of 
a short aoqeduct. The structure may be built of masonry 
archee, R. C. slabs or box culverts. Size of abutments 
and thickness of arch rings may be worked out as explained 
in Sections 7 and I ft. Abutments should be designed to 
resist saturated earth pressure; the sndth may be l/5th of 
the depth of water greater than given in the rule in 
Section 19 to allow* for the additional weight and water 
in the canal. It is usual to make the thickness of the roof 
2/5 to 1/2 of the canal head upstream of the work. The roof 
should be s^e against compression caused when the 
canal is flowing full, and also safe against bursting pressure 
OT upward thrust caused by the water when the aqueduct 
is ru nn i n g full and caiud is dry. This will bes=(height 
of aqueduct opening-f drop of water level in the aqueduct) 
X weight of water]. 

The foundations should be carried below the scour 
depth. Where the ibundations have been so carried and 
the section of the drainage chaimel has not been reduced 
there should be no necessity of providing a paoca 
pavement in the bed of the culvert or aqueduct andthis 
will permit fiw passage of seepage water. Where, how¬ 
ever, the section has been somewhat restricted which does 
^ increase the velocity more than 7 to 8 ft. per sec., the 
b^ should be paved with looee stones or concrete blocks. 
ySTiere the section has been considerably reduced result¬ 
ing in high velocity, solid pavement should be provided 
designed to withstand uplift pressure resulting from the 
head of water in the canal. Sometimes inverted arches 
(w curved bottom) are used for the floors to resist the 
upward pressure, which are supposed to transfer the pres- 
*nre to the piers or abutments and thus the entire wreigfat 
of abutments and superstructure helps in resisting the 
pressure. (It is doubtful whether the inverted arches do 
mUy act in this way. In bridges there is no appreciable 
head of water against the work, therefore inverted arches 
need not be provided.) R.C.C. box culverts can resist 
tnuch more upward thrust. For small discharges hume 
p*pes embedded in concrete can be used. 

Siphons used are generaDy of two types: (•) vertical 
orop or well drop type and (•») sloping approach and exit. 
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(m) vertical drop at the approach with inclin^ exit 
The vertical drop tj’pe is constructed by providing rec¬ 
tangular vertical drops or wells at the entry and exit en^ 
with horizontal barrel in the centre. TTils type ia suit¬ 
able only where the vrater is clear, it entails a lot of loss 
of head and deposited debris are difficult to be removed. 
Sloping type is more suitable especially with muddy waters. 
It is essential to have self cleansing or scouring velocity 
in siphons, i.c., a velocity of 8 to 12 ft. per sec. to keep 
them clean of debris or silt. Entry and exit should be 
inclined at a slope of 1 in 4 and should be wide rather than 
narrow. The roof must continuously slope downward 
at the entrance and upward at the exit, as otherwise air 
will be entrapped in the barrel reducing the discharge. 
Discharge through siphon aqueduct can be worked out 
by the formula given at page 14/30. 

C^x)ss drainage works of masonry may be splayed on 
the upstream side 1 to 1 or 1 to 2 contraction and down¬ 
stream sides 2 to 1 to 3 to 1 expansion. In most of the 
works double sets of wing walls will bo required, for 
canal banka and drainage side slopes. Provide paved 
flooring for half the length of contraction upstream and 
three-fourth the length of expansion downstream. 

Canal Head-Works 

Head works comprise the construction of a permanent 
weir or a dam across the river along vrith other .subsidiary 
works. The function of a head works ia to control the 
flow of water in the river and to divert the same to the 
canals according to the requirements. The weir raises the 
level of the supply to increase command of the canal 
water. Arrangements are also made to control the silt 
entry into the canal. Selection of site for head works Is 
governed by a number of factors. 

Wein (Defined under “Glossary of terms.*’) 

There are mainly two types of weirs according to the 
functions they perform. Weirs are usually of small 
heights, 10 to 15 ft., as distinguished from dams, (t) 
A storage weir, which is a high weir and its function is to 
store water at its back and then deliver it into the main 
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canal when r^uired. It has undereluioe*. It is an over 
flow dam. (li) Intake weir is of low height and its func- 
tion 18 to raise the level of the water on the upstream 
side and divert it into the canal immediately. Such a 
weir and its ancillarj’ works are called diversion head 
ut>r*s Such a weir may be with shutters or counter-ha- 
lanced gates on its crest to regulate the water level for 
diversion to the canal. Weirs are made of different shapes 
o.g vertical drop weirs ; slope weirs, there being slopes 
both on the upstream and downstream sides. Weir floor 

ia the most important structure of a canal head works. 
Bllgh’s Cresp Theory 

for the Design of Weir Floor* or Aprons 

Pressure is exerted on the underside of floors, and 
which tries to lift up the floor founded on permoable 
soils, resulting from the movement of sub-soil water due 
to head of water produced from the difference of water 
levels on the upstream and downstream sides of a weir 
Bligh assumed the percolation water to “creep” along 
the contact of the b^ profile of the weir floor with the 
rab-soil (inclusive of cut-offs). The water starts creoii- 
ing from the upstream end of the upstream pucca pave¬ 
ment and its energy’ or pressure goes on decreasing along 
the flow line in proportion to the path traversed w hich 
18 different for \’ariouH grades of soils. This sub-soil water 
ultimately comes out at the downstream end of the down- 
stream pucca apron with a velocity knowm o-s exit veto- 
ci/y. This theory was sul>sequcntly modified bv Khosla 
and others according to w hich, when deep veriital cut- 
offs arc provided the creeping of the water along the lM>t- 
tom of the cut-off wall become im|K>s.sibIe. 

Provision against failure by uplift by the sub-soil water, 
mentioned above, and the exit velocity (or exit gradient 
acTOrding to Khosla) is made by making the floor of suf- 
fi^nt thickness to resist the sub-soil pressure. Although 
Me depth of w’ater over the upstream portion of the floor 
IS more than the uplift pressure, but to enable it to resist 
action of flowing water and also from other practical 
(Kinsiderations, iU thickness is kept over 2 ft. A long 
length of the upstream apron lengthens the path of t^ 
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«ab-«oi] wtkter creep «nd leaseno tbe uplift pmsure on 
tbe downstream floor. An impenioDa upstream apron 
i^ba keeps the likely eoour of the npatream river bed 
awav fromtbe weir w^. In oonttnuation of the apstream 
apron, a length of loose etone tidnt b provided on 
upstream aide to keep the eroeion and sooor f^her away 
from the pacca pavement. The atone protections settle 
down in the sooui and keep the scsottr bobs at a safe diS' 
tance. The top level of the npa^eam apron ts usoaily 
kept at river level upstream to stiit the silt extractor. 

A downstream pucca apron resists the upli^ preesore 
due to eub-Boil water and alK takes the dynamic &43tkm 
of the falling water. A tbidenem of at brat 4 ft. is pro¬ 
vided at its downstream end with an increase at the up¬ 
stream end. The downstream apron is provided at or 
bdow the river bed level. A Wte^H of looee stone talns^ 
is provided at the end of the paoca aprqm which acta as 
a mter for the sub-soil water. The length of the apron 
should be suffident to safeguard against the underminiiig- 
of the foundation soil. Length of amna i$ worked out 
according to the creep theorise. 

Cul-eff wan increases the creep of the percolating 
sub'Surface flow and decressea the likelihoDd of ■ in de r - 
mining the foundation strata. Vertical cut-offii are pro¬ 
vided at the ends of puoca aprons on both upstream and 
downstream aidee and are taken down below the maximum 
depths of likely bc<^. Depth is also governed by asle 
gradient Or exit velocity, acoordiiig to the theories 
mentioned above. 
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}. clossaky of highway engineering 
terms 

(Based genwHy an the Indian Raads CongreBs and 
Britisli Standards Inatitution.) 

Boad —A way for vehicles and for other types of tnJTie 
over which they may lawfully paw. It includes the en* 
tirt urea eoniprising the roadway and all atnictaies per- 
Uining to the road within the litniU of the deOrcd boundarr 
or right-of-way," 

^iyAuay An important road m a road ayjitem, 

ifoarfuioy—That portion of a road (indoded within 
the construction limital ordlnanly used for traffic. It 
includea carriageway and ahouldeia. 

Slrict—A road in built-up ar^,, 

Gain ogeuiey— -That portion of the roadway designed 
and constructed for vebicular traffic^ 

Iiiffht‘of-va}f — (i) land secured and rcMrerd for 

development of a road and dl stmeturea pertaining to 
the rwd. («) The poivilege of use of a way, acquired by 
the traffic by law, custom or usage. 

Trash Road, Rvod-^A main channel or traffic 

rente which forme sn cBscntiai part of the highwav 
system of the country. ^ ^ 

^romneiai Bightcatf Didrkt Road— 
Roads classified aa such by an Authority, Kational hiah- 
ways are most important roads connecting capital 
aties of different atates (or provinow). PrevinSaJ iduh- 
ways am the mam ro^ within a Gtate connecting imporlant 
towns of the stele Bietnet foadii are of k«er imi^ancw 
than provincial highways. 

By-pau Ao^-A read to enable through taffic to 
UTOid eongeetad areas or other ohetructiona tTmouement. 

W route formed bj- a road or a aeriaa of 

treff'il'" or proTide as altemative 

*US ^ouif— A drcUBiferential road built aroond an 
urban area to enable tee flow of (raffle 

eatlou *1;'**' 'oninfni- 

a^between the eentre of an uj*aii area and the ooter 
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Dei^r—An aiUrnate drcuitoua ro*d for traffic. 

Fair-maihtr Road—A road that can be used bj traffic 
during dry weather only and not during moosoona. 

Traffic ittiK— Taken as unit of width of a carriBne^ 
way and which is supposed to accommodate only a dngla 
Ime of Tehicular traffic; while crossing, vehiclee have to 
use berma. 

JftMd—(f) A subsidiary road constructed be¬ 
tween a road and buildings or properties facing there¬ 
on and Mnnecfced only at Aelected pointa with the- principal 
road, (it) A way at the bach of buildings for “scretclng'* 
and providing other means of access. 

ZViEv-tnty —A way to socure access fhiia a road to 
private property* 

^ind AlUjf^A way or road open at one end only* 
Aay-^—The local widening of a carriageway to eiw 
able vehicles to draw off the road for temporary parkina 
or stoppage without obstruction to traffic flow, 

J^iojid—A central or subaidia^ area in a oaniage^ 
way, generally at road junctions, shaped and plai^ 
eo as to oonstraiD and control traffic movementHi 

Rt/ttgt—A raised pavement or platform, or a guarded 
^rea, so sited in a carriageway aa to divide the streams 
traffic and to provide a aafety area for pedestrians* 
(UsnaJly provided at the entrance of radial roads to rotary 
carriageway)* * 

Length —The length of carriageway between 
adjacent ^ial-routes around a traffic roundabout- 
TrantUion Lfnffth — The length of the transition curve 
connecting a straight length of road with another main 
fiurve which may be circular or transitional 

Fly^T^A junction so designed that traffic ateeamt 
ore divided to enable them to pa^ over or under each 
other* 

Svbimy—Aii undeiground passage or tunnel to per- 
nut the movement of traffic, or to aceommodate service 
pipes, cables, sewers, eic- 

SlockSvbioayor Cattle Creep— A shallow subway cqbs- 
tructed to permit passage of cattle underneath a road or a 
railway* 

Traffic DentUy—Je the number of vehicles usng the 
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road p&r hour during peak periods and is the average 
of several peak days. The daily traffic is approximately 
ten tiiues the rnaximiiin hourly traffic^ 

Formation Width —‘Is the fiiusked top width of earth¬ 
work in fin or cut for receiving t!ie rood structure. It is 
tha “roadway’* as already defined. 

Formation —Tlie surface of tlie ground in its final shape 
and level after completion of earthwork. 

Base Course —That part of the construction resting 
upon the sub-grade, and through which the load is trans¬ 
mitted to the sub-grade or the supporting soil. A base 
course is the layer immediately under the ^nearing Eurfaoe. 

Base Coat —An intermediate course between the base 
course and the wearing coat. 

intermediate layer acting as a cushion 
between the foundation and the pavement. 

Btaek-top SurfaeA —A general terra applied to wearing 
coats or surfaces of roads in which tar or bitumen is used 
as a binder. 

Carpet —A surfacing obtained, by laying bitumen or 
tor concrete to a thickness nf usually more than an inch. 

PavemeiU—JB the hard crust placed on the soil forma¬ 
tion after the completioa of the earthwork. 

Paving —Separate blocks or units (usually stone^ ce¬ 
ment ooncrate or wood blocks) fitted closely together over 
a rood to servo as a aurfseeH 

Trackwags —A oarriogeway in which wearing aurfaoe 
is provided on the wheel tracks ouiy {uflually of bricks» 
stooo or eonorete slabs). 

Crefeunyd—A carriageway in which a cement ooncrate 
wearing surface is provided for the wheel tracks only. 

Jfe^a Strip—A dividing strip in the middle of a road¬ 
way. 

Edging — Bricks (or blocks of concrete or stone) embedded 
along the edges of a pavement to protect the pavement 
£ri>m damage caused by traffic. 

Shouidv, Haunch or Beim—ii) The portion immedia¬ 
tely beyond the edges of a carriageway (iMually of earth un- 
metoUed) on which vehicnlar traffic may pmw occosicnalty 
(while croiaLng). (if) The strip of land between aide drain 
and the lower edge of h*nk_ 


AOADS It BtOHWAYS 


ja/7 

Calch Drain —Is a drain provided In ths^ slope of a 
cutting to intercept the water flowing down the cut slope. 

Side Ditch —Is a roadside drAin or channel provided 
at the toe of a road bank. 

QuUtr —An open drain constructed along the sides 
of a carriageway i(m town areas) to carry away tbo water 
drained from the surface of the pavementr 

CrotTO— The highest point (in cros&'Section) of a curved 
road surface, commonly at or near the oentre. The level 
of erown is called road surface level. 

Cornier ■ Transverse Slope— The conveiity given to the 
cur%'cd cross-sect Lon of a caniagevi'ay* between t he crown 
and the edge of the carriageway; it is the difference in 
level between the crovni aiid the edge of the carnageway- 
Sometimes called crossfatt 

Crossfall —Tlie fall given to the surface of any part 
of a roadway,, at right angles to road length. 

Super'tlevaiim. Banking or Cant — The inw'ard tilt or 
transverse inclination given to the ergas-section of a carriago* 
way on a horizontal curve to reduce the effects of centri* 
fugal force on a moving vehicle. 

Ramp — A short steeply inclined way connecting sur¬ 
faces at different levels. Genera ily made for repair plat¬ 
forms. Mai : rise 1 in tt, prefer 1 in 7, 

Sag —The lioUow or depression formed by the junc¬ 
tion of two failing eradients. 

Summit—^The fwiik: formed by the junction of two 
rising gradients. 

Laispit [Dagbd ) — A narrow continuous V shaped 
cot made in the ground surface along a defined line of 
demarcation. 

Benching, Stepping — The formation of a series of small 
level platforms or steps opon an incline or slope. 

.Bank—fi) An earth slope formed or trimmed to 
ehape. (if) A ridge of earth, stonee, etc. naturally exis¬ 
ting or epeciolly constructed to guide the flow or prevent 
overflow in floods. 

Embantmenl — An earthwork raised above the natural 
ground by tho depoeiiioD of material to support constme- 
tion at a higher level. 

Spoil — Surplus excavated materiah 
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SpoU Bank, Tipt Shoot —An earthwork bank formed by 
depoaitinj^ spoil (oiiteide the limite of the works), 

Cai-^TTift material excavated to moke a catting, 

OuUing —That portion of the site of a rood wbem the 
formation has been excavated bebw the ground level. 

Lead. Eaal, distance over which excavated 

material is transported (or carrifid) for use aa filling or 
to the spoil ba^. 

Bragging —^^le operation of smoothing out and re¬ 
shaping Imgulafitiee tn surface earthwork by means of 
a drag. (See further, under "‘Hant and BCachlnerv 
Terms’*) 

Grading, Trimming—The operation of excavating and 
shaping the surface of earthworks. The final shaping of 
earthworks. 


fJraiftinjT—Uprooting and removing the stumpa and 
poofe of amafl treee, plants, hedges, etc. from the site of 
the works. 

5*n>piff^—The preliminnty operation of clearing the 
site of the works of turf, grass, wwds. brushwood and other 
extraneous matorial. 

T«j/“The sorfacfl of graas land consisting of earth 
or mould filled with matted roots of grass and other 
herbe. 

Bod—K rectangular piece of turf. 

i^u&6te Pieces of stone or broken brick or eonirrets 
of irregolar size and shape. 

Eardcore A oonaoUdated layer of broken stone, brick 
slag or concrete in sizes of about half a brick, with some 
proportion of smaller material. 

Jfaofldam—Broken stone, road stone or nml metal 
Cmahcd or broken atone of regular size below 3-in. for mad 
construction. 


moc^m-The sorfaw lever of » roed in 
which the road metal baa been oonsolidated with water and 
earthy matenal or rock particles, 

A t^of sttffacing in which stone fragmenie are first 
interlocked by rolbng and then bound with smaller stone 
^vel, etc. which is forced into the intereticee by bn»m- 
mg. watenng and rolUng, 

Grouled wocodam—A consolidated wearing aurface form- 
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ed by the ap|}Ucati<m of a bioder (Bituman of TiU') la liquid 
»bLta Into tba Interaticea of tha mlofiral a^n^ate af^r the 
latter baa beea spread on the foundation. CoiuolidoJtion 
may taka plaoo before or after the application of the bindor 
A macadam cmat In which tha atone aggregate ie 
bound together by a binder applied to penetrate to the 
desired depth. 

Siitijiiinoits Jfacoiiaf?i“Bitumen or tar mAcadam. 
Bitumea Jfaendant—Consists of bitomea onlji. 

Tar Jfacaddm—A mijttntB of macadam''type aggra* 
gates with a tar binder^ laid down In a cold state. 

Asphaltic Macadam — A raiitoro of bltnmon (with ot 
without filler) and a mineral aggregate of a aiia laj^ 
than sand. It can be made by the grouting or pro-mlied 
raethoda. 

Aggrtgalc —For ooncrate works the word aggregate 
suggests collection into a maas, and Is used for any hazd 
material (stone Or brick) for mining into smaUi fra^enti 
mth cement or mortar and form concrete. For (bitU' 
ToeDoua) pavements it is meant to lODlude angular pieott 
of hard crushed stone. The word coarse agg«gate i< 
usually employed for material coarser then 3/1& and fine 
aggregate down up to sand, - i j 

Ohippvrtge —'The term is generally intended to mclude 
uncmsbed gravel as well as crushed rook, of a gauge finer 
than I inch. {1 inch to | inch according to B.S.S.) 

Angular fragments of crushed or broken stonCi. of alze 
between 0.2 inch and J inch, (LR.C.) 

Bounded or water worn stones of irrognlu 
shape and siie occurring in natttral deposits with or without 
finer material. Gravel is usually harder and more rounded 
than bajri and may oontain certain amoont of earth or clay 
mired with it. 

Grfi—Fine sharp^ged aggregate or ooaraa sand 
The word "grit” can he used equally well for broken 
stone or small atone found in natural state. It givM a 
suggestion of roughness in the stone and of roognnMi 
to the work. Grit inclodea sand and sharp fine graTei, 
^ajri —Is a term largely naed to denote stone 
ings ranging from fine stuff to about 1 inch gauge. ^ 
generally refers to a atone of soft Tarioty for dreaing of 
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pjtkB and sidr wJks aod aa bindiiijf for the consolidafaon 
<n water-rbound mn^ ^am roada, 

5Ai^—Conakta of coaree roanded or water-nromi 
mne, det^tus or pebbles lar^r than gravel and smaller 
than boulders and ts aTSLOable in hill etreams, 

Ballasi^i} Snull atones or gravel i^lth grit, sand and 
elay^ matorjuls^ of which the major pmport/oii of the 
parUdee are mt^ned on a standard sieve having 4 sqnaie 
^ea to the bncar inch and which when consolidated 
delde a coherent layer. 

or mvd of irregukT unscreened sizes which 
may contain smaUer material and also sand 

t 7^ ^ bye pi^nct in the manufacture of gas 
from^. It IS THBcoua or hqnid, reaulting initially from the 

2 rr^;iuS:''f^‘Zd •>« b™ „ 

Coal W has some volatile oils which ovanorato bv 
expom^n, leaving the tar brittle and friable. T^t h why 
overheating of tar is prohibited ^ 

^ ^ ^ brown solid 

^n™ pwtial evaporation or disyila- 

^mufrhm-A freely floa-ing liquid at oidinaiy tempo- 
reture vjich a su^antial amount of bitumen or tor 

sto'blStoto^ 'of water in a finaliy dividtd and 
wbJe stato Emulmons contain about bO to €5 uer cent ni 
Cn b»medmM clin..t« «d 
for patehiep^ ™ bitaaenous surfet^. 
wd eold Bud cm work with wet chippioES Wh™ 
emulsion is spread on the road it “bwJbrI>^T^i' Vtben 
fern b»wo to bi«k c.k.„ ziu,. 

•mwllcr dippings (not thw I'l”™ *ili® 
«Bu)d.n. iKn wA hot S!r i J I* with 
Before the application of emolainTi ♦k.w j 
should be thoroughly cleaned u-nA r i.*i surface 

w-ut. 


BOADS & SIOHWAY9 


IS/Jl 


ban "broken". 

Cut-bark —A aclution of bitumen in a voiatile or p&^y 
volatile solvent such as keroeene or creoeote, The addition 
of the solvent lowem tbo viscOGity of the bitumen, (makes 
it more freely flowing) thua it can coat cold cbippingi 
more eaiily. When o cnt-baek is applied on wnter-boui^ 
surface, (the kerosene evaporate® in a few bottre) it soak® in 
and harden® to bitumen. It is also called ‘^fliajted” 
bitumen, (Tnt-backs contain about SO per oent bitumen 
and 20 per oent solvent. 

Unlike emuIsionB, cut-back® have to be used on dry 
stuface and with dry aggregate. Cut-backs can be either 
applied cold or brought to working oonaistency^ by mo¬ 
derately heating to about 275® F. before use to eneuie 
sufficient fluidity and adhesion to itone, as oppooed to 
heating to about 350® F. for bitumenfl. 

Binder —Ts a term applied to tar or bitumen used for 
binding rood metal. 

Matrix —The binding material in which the larger 
pcoiicle® of mineral aggregate are embedded. 

Aepbedt —A mixture of bitumen and mineral matter 
which may occnr in natural depoeite, or bo produced by 
artlficiaJ means. In the first class we have the so-i^eil 
Nataral or Bock Asphalt® and in the aecond the Be®idi^ 
or Petroleum Asphalts. (Bitumen is the biuding material 
in asphalt.) 

Bitumen —I® by-prodnct of the difltiUation or evapo* 
ration of crude petroleum either by natural processes ot 
in a refinery and is the basic oonstitueiit of asphalt. It ii 
characteristically solid or semi-aohd, black or brown in 
colon", ifl sticky and melts or eoftenfl on the applicatioa 
of heat. Bitumen used for rood® i® usually a highly re¬ 
fined product, containing from OO to per cent of bitu¬ 
men soluble in Carbon Bisulphide, (This is Asphalbc 
Bitumen and is referred to a® Bitumen), Bitumen i» 
marketted In variuiis grodea suitable for various purpose® 
and the different grade® vary in "penetration". Kaliirol 
bitumen i® found in a lake in the Island of Trirudad, 

.fftfamen—Is steam rehned bitumen. Bitu¬ 
men made by the straight distillation of suiUbla crude oil®; 
ateam i® Lnjeeted into the oil oo that the distillalion is 
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csmed out at a lowur t{»mp«rature. 

Bloten Biiumen — Also Imown as oxidized bitumenr ts 
producfd by blowing ai> through moUan, reftued 

AEphaldo bitumen. This prooDte produces a bitiiuien with 
eompdrativelj high melting point and lower ductility, 
Slcnvn bitumen baa better weathering properties than 
steam refined type- 

iltittniirtou^ CemetU —A general term for bitum.eno^» ma* 
teriali! winch bind together adjacent solid subatauocs of a 
mitable nature. 

Jioci Asphali-^A natural rock formation^ usually of 
lime-stone or eand^stone, impregnated with bitumen 
through opt its mass. 

LaJee Asphalt —An asphalt which as found in nature 
fi in a condition of How or fluidity, 

Jifastic Asphalt — Asphalt or bitumen heated and mi:£ed 
with fine mineral fillers (limo-stonu powder^ sand or chip¬ 
ping, etc-) to form a coherent voidless imperme-ablc maas^ 
eolid or Bcmi-soUd under normal temperature and of such 
consistency that it can be spread when hot by hajid L to S 
inches thick with wooden floats and sets on cooling to 
give a Turn impervious surface- The bitamen has S to 10 per 
cent of sand. 

The mastic is laid at a temperature of 3^® to 350* F, 
on a prepared surface. Chippings are spread over the laid 
asphalt where the thickness is over J-in or under heavy 
traffic to reinforce the mastic, and compacted- 

Rolled Asphalt — A dense mixture of ertone, sand, filler 
and bitumen mixed and laid hot^ and consolidated by 
rolling while still warm- 

Asphali Emulsion —A combination of asphalt with a 
£ma1I amount of soap-formmg compound and water- 

Asphaltk OeTnejU — Asphaltic bitumen or the product 
resulting from a mixture of asphalt and flux oils or asphaltic 
bitumen and flux oils producing a binder having cementing 
qnalitin suitable for the manufacture of asphalt pave- 
luents. Tt is refined asphalt. 

Sheet Asphalt —A pro-mix of bitumen (with or without 
filler) and sand, and oontainmg coarse aggregate not ex¬ 
ceeding 30 per cent. This is really a dense carpet where 
Stone metal is discarded and cbippingi limited to 30 per 
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eeiit,. the rest being sand. Sheet asphalt is laid in thick- 
nosaes vaipng from about }' to 1 

AspJiaUic Concrtie —A pre-mix of bitumen (with or 
without filler)^ sand, and not less than ^ per cent by 
weight of minera] aggregate of a size larger than sand. 

''Shelmacadajn'^ U a eoM premixed macadam and 
“Shelcrete^' is cold asphaltic concrete^ These term^ are 
xued by Burznah'Shell Oil Co. for their prodncts. 

Bo^ oQ —A term applied to vanous typo of liquids 
or cot-back asphalts, heavy oils, eto., which are appli^ to 
road Burfaee to lay dust, or for surface trcstmentB. 

Crude qU —Unrefined petroleum. 

Ftuvij ^—Ta softening hard bitumens or asphalts which 
are too for use, to the desired consistency by incor¬ 
poration of certain oils. {The product la called Flux oil), 

Fltunn^ Affent —A substantially nomTolatilc material 
(Flux oD) used for reducing the oonsisteTicy of a bitumen, 
(softening bitumen). 

(i) Blindage—A material such as moomuit earth,, used 
for covering the top af a water-bound macadam surfaoe. 

(LBC.} 

(ii) or dTenn used for 

Burfaoe dressingl-^preading stone chipa on a road surface 
alter painting it with bitumen or tar. 

Blindtn^—(a) The process of applying a loose layer 
of fine material to fill the voids or interstices in a water- 
bound macadam sorface. (b) The material so used. 

Gritting —The operation of spreading small broken 
■tones, chippingfl, or grmveL 

FiUer —Any fine muieral powder added to bitumha- 
oue mixture in the course of manufacture, and which 
has been ground to such a degree of fineness that not lert 
than 85 per cent by weight pas&es a 200 mesh sieve. The 
common fillers ire—limestone dust, cement, granite dust, 
slate dust, slag dust, coal dust china clay and fuller's 
earth. 

Lime seems to possess excellent qualities as a filler and 
la used moat. Fine sand passed through the 200 meah sieve 
should also be taken inl^ account along with the quan¬ 
tity O'f filler as it also hdpa to some extent. 

The functions of a filler are:—(a) to increase the visoo- 
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aity of the hindtr and hence inorcHe denmtT end stability 
of tho mlxtnrei, {h} to enable a tbidtCT film of binder to bo 
held by the mL^iire, (f^ to unprovo the reeietaiice of tho 
brnder to weathering, {d) to incroaw the effective voltime 
of the binder, and (ej to reduce the apparent tempera¬ 
ture aeaceptibrnty of the mixture (for dense surfacings- 
Imer/blndor loixturs have iower temperaturo eusceptibili- 
ties than straight binders of the same viscosity). It tends 
to reduce the brittleness of a mix. in cold weather and 
the quantity of the filler can be oon^erably inereased. 
After compaction, the surface should show a dose texture, 
quantity of filler used is about 3 to 4 Iba. per cM. 
of tho aggregate. As laige a quantity as mix. will carry, 
may be used, and yet be worfeable.' 

Pfim£r—A binder of low viscosity which on. appHcation 
to a eurface, other than a black.lop eurface, is completely 
abwrbed. Its purpose is to water-proof the existing 
Hurfaco and prepare it to serve as a base for the construc¬ 
tion of a black'top aurfooe. (I.R.C.) 

A primer may be a road oil, a cut-back asphalt or 
a low viscosity road tar. Sbme volatile oil is mixed with 
bitumen to make it less viscous and more highly pene¬ 
trative binder. A cjoat of primer is given over dusty, 
porous Or soft roads (such as moonim, kankar, soft sand* 
stone, laterite, limestone, brick aggregate) before applying 
bill] men, as a bitumen uill not bind to a dusty surface. 
The function of a primer is to penetrate into the road and 
to coat the blindage thoroughly up to a depth of 1' to 1J 

PrimtOmt —He initial application of a binder to an 
absorbent highway surface pnor to the constractioni of 
a wearing coat. 


T(uj£ fToflt—The initial application of a binder to an 
eating surface given to ensure thorough bond between 
the new construction and the existing surJace, (I R.C) 
ui" ^ S^alivff Co ^—A dreeemg of tar or bitumen 

bunded with gnt «tc., applied to open textured hituminons 
surfaces to rendw the surface watertight and atrongthen 
the mac^m. This may be with prc-coatcd chiptmigB 
^ sur^ dreaaiog. Thickneaa is alxSt 

F and the size of gnt used varioa from down to sand 
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A seaJ cost is nvine or leas lik« a renewal coat of burface 
dressing. 

It should be the aim of the engineer to avoid the neeee* 
eity of a seal coat in order to reduce the ecset. Grading of 
aggregate and addition of fine material to the mixture 
achievtt this object, 

lAq^iid Seal —Is a term used to indicate that the material 
used for drcssiDg is in a liquid form and does not require 
to be heated. 

Grouting—^The action by which a binder in liquid form 
(cement, tar^ bitumen^ etc.)^ ia made to penetrate into 
joints, fissures or cracks in concrete work or between 
blockSni (or road aggr^ate) cinder the action of gravity or 
by applied pnesrare. 

Creep —The slow plaetJc movement of the material in 
a surface layer in the line and diroction of traffic flow or 
gradient. 

Craaaj^nie breaking up of a surface layer through 
cracking into flome irregular shaped arcas^ 

Fretting —The loosening of a wearing eorfhoe under the 
action of traffic or weather, associated with the failure of 
the binding agent to keep the surfaw consolidated. 

Abraeion —The removal of matenaJ from the surface 
of a solid by grinding or rubbing action. (l.R.CLl 

Attrition —Mutual rubbing or grinding vdthln the mass 
of mineral fragmenta under the action of traffic thereby 
producing an alteration in their shapes and/sizee. (I.R.C.) 

Rvi —A groove or depression fortined in a surface layer 
Iflngitn Hirifl l to the road by the wheels of travelling vehicles. 

Pot-'hoUe —Marked local depre^on in a surface layer, 
roughly drcular in plan, arising from the wearing away of 
material by traffic or by some other agenh 

Flagstone—‘A flat uul relatively thin slab of natural 
or artificial stone fur pavements anbjeerted only to foot 
traffic. 

Fender Kerb or Whed Ouard —Kerb so placed as to 
prevent the enoroachment of, or to secure the oonstramt 
of wheeled traffio. 

Sand Paper Stirfaee^A rough surface texture for road 
■uifacmg pn^deed by the pnwure of protuberant aharp 
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particles of mineral aggregate which are not larger than 
about 3/16 in. size. 

Pick%ng —The loosening of the top surface of a road by 
pick axes or similar tools. 

Scarifying —loosening of the top surface of a road 
by mechanical or other means. 

Screening4 —^The small size stone particles sieved through 
the lowest mesh of 0.2 inch prescribed for chipping sizes. 

Blatter—A covering of a suitable material to absorb 
ezoesB binder or to overcome bleeding. 

Flash point—The lowest temperature at which the 
vapour of a substance momentarily takes fire but does not 
oontinue to bum, under speGified conditions of test. 

Ignition poiaf—{Burning point)—The temperature at 
which the vapour of a substance takes fire and continues 
to bum, under spe ified conditions of test. 

foaciiMa—Bundles of grass tied and laid across a 
sandy track for passing temporary traffic. 

Plant and Machinery Terms 

Tro^—Is a self-propelled powerful tractive machine 
which is used either for towing other ms/.hin es or equip, 
ments are fixed to it to form a self-sufficient unit. This 
machine is carried either on wheels or crawler track. A 
crawler track is a device consisting of an endless rhmtn 
of plates which bear upon the ground and this ddvice is 
used in place of wbeek (See "Caterpillar track”) 

BnUdoter—U a tractor on the front of which is mounted 
a curved strong adjustable steel bUde which is employed 
for spreading and leveibng by pushing loose excavated 
material. A tree dozer is used for felling trees and a 
stumper dozer is used for uprooting stumps. 

Scoop—A machine consisting essentially of a bucket or 
sh^ow container with a cutting edge, designed to exca¬ 
vate, load and transport over relatively short 
and dump soft or previouslv loosened material. 

O^cr-A machine provided with an adjusUble blads 
or semper wi^ the wheel base for shaping the road, 
sul^de or robrod by lining or moving the superficial 

a'tmctor -^If-propeUed or Stowed 
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Scraper —It conaists of ft Urge scoop with cuttiug edge. 
It excavates, transports and dumps the material where 
required. The cutting blade maintains a constant digging 
depth. 

Drag — A machine fitted with two or more oblique 
bUdes, generally of steel, for scraping off and reshaping 
irreguUrities in the surfaces of earth or similar low type 
roads. 

Caterpillar tract —An endless tread, generally of metal 
links, running over two or more wheels for the purpose of 
distributing the wheel loads over a greater area so as to 
permit of a vehicle so fitted passing over soft or uneven 
ground. 

Damper —A vehicle for transporting excavated material, 
so designed as to be capable of discharging its load by 
forward tipping. 

Scarifier —An independent machine or attached appa¬ 
ratus for scoring and loosening the surface of a road to a 
regulated depth. The teeth of scarifier, which are known as 
tynes, are set with a forward slant. 

Scarifier tyne —^The pointed steel bar or rod acting as 
the catting unit of a scarifier. 

Jamper —A heavy bar chisel or drill worked either by 
hand or by means of a hammer, used in making blasting 
holes in rock. 

Hopper —A funnel-shaped storage receptacle, through 
which material can be measured or periodically discharge 

Batching Plant —A mechanical equipment designed to 
measure the proportions of the various materials required 
to form a charge, e.g., as in the mixing of concrete. 

Screed —A strip of wood or metal, used as a guide for a 
tempUte or straight edge, for finishing a floated surface to 
a required profile. 

TempiaU—A foU-aized mould, pattern or frame shaped 
to serve as a guide in forming or testing contour or shape. 

1 ROAD STRUCTURE 

The stiwetore of a road consists of: the formation or 
sub-grade and the pavement. The structural element of 
the pavement is the foundation (soling and bottoming^ 
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kfao called ^vthbcue, and the bwe^ The base may be auj:&»d 
either with a concrete or a bitiimloQQS suffnciTiff^ 

The }iib-£tads er Formattoii, It is the soil foundation 
whiob directly raceiTc^ the tiii£dc loads frOTti the pavements 
The sub'grade is the flurfaoe of the natural groand (in its 
final shape after completion of earthwork} on whkh the 
entire ro^ stmctare nets. The importance of the anb- 
grode lies in the fact that if it fails the performance of the 
whole road will be affected, A aub-g^o moBt be able 
to resist the effects of both trafflo and weather. 

Pavameiit. The function of pavement is to : {i) Dis¬ 
tribute the traffic loads over the soil formation sufficiciitly 
to prevent the aoil from being over stressed ; (il) Ftoteet 
the soil formation from adverae affects of weather ■ and 
f»Vf) Provide a smooth riding surface. The thicknev of the 
road crust or pavement is related to the traffic and the 
anb-grade oonditions. 


FounaaUon, SoUng or Bottomtng, The function of 
this oonrae js to spread the traffic loads and the weight 
of the roadway above (base} suificiently to prevent over- 
£tres8ing of the sub-grade. The soling nlay conmst of 
either : (i) Hand packed big siEe stones called mbble, 

or (lij Bricks laid flat, or on edge, or (mi) Over^biimt 
brick bats well rammed, called hardcore. 


The Base. The base course is the major stractura] 
component of a road and is composed of stone aggregate 
or ro^ metal well consolidated. The main oonsidW 
of a base are : its thickness, stabilitv under tiaffie 
loads, and reaistance to weathering. The stability of the 
base depends onita thickness and Sa thickneea of the base 
ooostniction u mainly a function of tht atrongth of the 
sub-grade and the maiimum whed loads that are antici* 
pated with the intenaity of traffic. 

(“W) and base are combioed 

ADa toA wIioIqi 2i CftllAd. tllA IjAHi. 

j commonly placed 

di^y on tbe TOb-grade but where the inib-giide 
poor quality or baa poor drainage pn>per6a a la vet of 

gtaniilar m^ter^ consisting of nibble, ^okbats clinker 

«iiea.ete.. ii between the 
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grade. layer is kwirn u wft-ioie, a nib-bue k 

placed aoder a concrete road. 

Sllfitiiig, li the uppcnnort part of the road 
•tractiire, Ita porpoee ie to EtdivuiuEe the abrasion of tf* 
by trafHc, act os a cnafaioQ between the whed and the 
haae, and rediioe the adTie!r»e efibcta of ctimate. By aetihw 
■a ^ ^pemoita layer it enables the road to ehed Btocm 
water that wonld otberaise damage the road* It ia the 
tocaring ntrfac^ 

J. CAUSES OF DISINTEGRATION OF HOADS 
IN INDIA 

Water-hcntDd MaeajUn^ Roads 

Ja) Tl» aacking action of pneumatic tyred fast moviiiff 
vehidea which loosen the road metal eiibanoed by the 
KwwttTO or cTOJihing action of aaUd tyied bnDock carte 
the ro^ metal ia pulveriaed and blown off by tbe windi! 
^ vacuum ie created under a faet moving vehicle! 

(bj IJe actkm of wind and rain in destrovana the 
**irface of the ttwd. ^ 

(C) ITie severe heat of the aun in day time cool 
tomperat-ure at nigbt. 

Cc»TB*aitom on Water-teudd MMaiam-Corrugationa ate 
wave-like dcfonna ioiu on the road. 

id) apun throwing up kwee eurface btindan 

_Defectiw tTiUing of tbiok uata of metalwhS 

jawuoe ^ effect of the metal orwptng in front of the 
r^ler, and then forming a hard ridge over which the roller 
™i to oommonoe another deprwon. To prevant the 
formation of initial waves during coneolidaCioii; the 
roller-g enriag should be in good condition eo ae to 
prav«it jerky mlHng, and long run* should bo taken to 
™i=uie etopping and reveraiog the roller. Lonainidi- 
nal evenness should \x checked with 50 ft string!^ 

if) Imp^ect grading of ooaras aggregate may cause 
nneven displacement of stones resulting into oorrusationjf 
under the load of traffic. ««nn^g«wn.-f 

It ^ been obaerved that corrugations form mote 
on owed portions of the road than in cuttings. sugHest- 
^ that tbs Bub'grade may be a oontHbgtiiw cauae II 
has ako been observed that if trafTTc ti not allownd on i 
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newijr rolled «mter«boiind mecedem rood for some dejs, 
the formetioa of oorrogatioof is delayed. This suggests 
that it is i'ladTisable to allow fast moving mechanically 
propelled traffic <m road crusts which are still plastic due 
to a large amount of moisture. Where there is a good 
soling b^w the road crust, corruptions are at a mini¬ 
mum. Poor sub-grade and lack of proper drainage may 
be the causes of corrugations. This hj» been discussed 
in detail later. 

The application of a surface treatment of tar or bitu¬ 
men prrrenta the sucking action of rubber tyres and gives 
the road a water-proof surface which is suopoeed to be 
impervious to weather conditions. 

Surface Treated Roads 

Doe to Delsethre Sub-grades and Foundations 

Even with light traffic there are many failures with 
painting. They are due not so much to the wrong 
use of surface treatment but to the fact that very little 
attention is paid to the proper preparation of the sub¬ 
grade and the foundations. In most of the cases the base 
^ the road is the weak point and not the surface. The 
chief enemy of surface treatment, however, is the damp¬ 
ness in the foundations. This is caused either by condensa¬ 
tion or by water working in from the sides of the road 
by capillary action. Further, if the sub-grade is weak, 
the surface treatment does not prevent movement in the 
sub-grade due to the pounding action of sub-ffrades. 

General Defects on Asphalt Roads 

An asphalt road cnist has no strength of its own to 
withstand pressure and impact of traffic, but acta as a resi¬ 
lient soft snd smooth cushion beta’een the foundations of 
the road and the traffic. Due to heat, asphalt gets semi- 
p|a»tic and loses its property of resilience. Constant 
•oftness tends to produce waves and corrugations in the 
surface; ruts are formed under iron-tyred heavy traffic 
and the asphalt gets stuck to the wheels of the vehicles 
and the rof^ is damaged to a considerable extent. Care 
should be taken to use the correct type of bitumen (as 
fcgnrds its penetration) for the particular temperature, 
•nd when such defects are noted on a road, precautions 
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i^oold be taken hy diTerting the ‘*traek Imea,** and the 
nfieoed loriaoe dusted with sand or fine grit and rammed. 
If neceeaary. (Abo see under "Bleeding”.) 

It must be reahxed that it b the sub-grade whioh reallj 
carries the we^t of the Tehiclee and th^ the (unctaoo 
of the road sorlaoe (road structure) is merely to dbtribote 
that weight orer a larger area. If the sub-grade b com- 
poeed of onsuitabb material, or if water has to it. 

the earth underneath will more and the road surface wiO 
fafl. The character of the sub-grade has a great efleot 
npOT the stabihtj of a road surfm, no matter what 
twial may be used for the Utter. Therefore, a study of 
^ sofl structure b a eery important factor. (See 
‘*Sub-grade and its Preparation” in the following pages.) 

The foUowtiic art some faulte whkli oeeur hi treated eur- 
faeee :— 

Fating up (same as Bleeding)—Due to ezoeos binder. 

. Striations —Doe to non-uniform distribution of binder. 

CorrugaHont—Jhit to instability of base or poor orbtnal 
riding surface. 

Cracking —Due to foundations or sub-soil morement. 

Oencral Fretting or Cnmng — Due to dressing 
^om out. ® 

loss of Stone —Doe to rain within a few hours of Uyimr 
or due to lack of binder. 

Scabbing —Due to dblodgment of stone for insuffldeot 
binder. 

SUeding —^The exudation as a liquid of some of the 
binding material (bitumen or tar) from the surface Uyer 
of a treated road. Generally occurs on surfaces 
bare been giren a seal ooat. It b due either to an 
excess of tar or aqdiah or to an insufficient quantity of 
blinding material. Excess of tar or asphalt b probably 
due to the binder not being hot enough ^ the time of 
application and not properly spread out. 

To stop bbeding more blindam (or coarse — 
■bould be applied and continued tOl the bleeding stops. 

Waving —^ICay be due to an excess of binder whi^ 
^cts as a lubricant; or doe to the sub-grade being 
xod allowing the road crust to slide on it. It niay 
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be di»e ia unsuitable metal which does tiot intedoc^ 
of bitumen or tar and too little result in 

# soft pliable coating vhkh wiQ be pushed by the acUou 
of tradGric. 

Ihe cause can be found by dig^og up the metal at 
intervals am! examining it. To JTure waving the whole 
■uifaee baa to be scanfiedT eay to a depth of 1|'. Then 
rolL spread metal and apply a seal ooat^ Or altema^ 
tively, a premLEed carpet of about 1];' thidcnesB can be 
laid and rolled smooth. Grooves may be made in thfi 
road surface, as described later, so as to form a key for 
the premixed carpet. 

Ridgts —Canally appear on surface dressed portions done 
by spraying where the operator has not been suffioently 
careful to see that each sweep of the sprayer do^ not 
overlap. The valleys should be reeurfaoed and brou^i 
np to the level of the ridges. 

Faltore of material wbleh may result from lach of 
Coutrol 

Wrong type ^ tar or Wfumes : The binder may be too 
bsid or too »ft for the aux&eLng required. These are 
checked by a tar distillation teat and viscjoaity or peoet- 
ntion teat. 

IneofTHt quantity of binder : Too little may re^t in a 
anrfacing be^ brittle and having a tendency to frettiug 
or crumblmg. Too much bindCT may cause smoothing 
snd softness. This is checked by binder content deter^ 
mination. 

irtoomd proportioning of aggregate and filler, resulting 
in too open or too dense a mix. 11118 is shown by the siev¬ 
ing test. 

Crack* in treat4ed pavements may close under the 
kneading action of heavy traffic if it is a graded mix^ and 
a mix that does not elose up under oompaetbn shows a 
deTicijency in filler. A suitably graded sand with correct 
pemnta^ of filler and binder will produce a dk»e and 
dense suj^ace after compactio4i. Cracks should however^ 
be filled in with aapbait grout and coarae grit if they do not 
doM otukr traffic. 
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OptrkmUn^ - Ulu «ui c&iue Ion of th« more ToUtUe 
oils in the bnvieT and taAy reeolt in brittkiMSB end Lack ot 
inheekm of mixed mater^la^ and may be ehovii by teeta 
on the oonsistenaj of the recovtured bindoTp 

4. SUBTIL DRAINAGE AND MOIfiTCRE 
COOTBOL 

The removaJ of water from road mrlkee li called ^ur- 
/oca dnniMj^ and remoral from the anb^grada is caEled 
MA-aofi drcUna^ or fub-Mtfoa dnx'wvt' Aioad dnxtiia^ 
i» the remorml of water from the road surface aa well aa 
from the sub-grade, 

Tt haa been approdated ainoe roads were fimt oon- 
structed that their stability can only be maintained if the 
soO foondaticHi remaizis in a relatiWy dry oooditaocL 
Aa the moisture oontent increases the atren^^ of sub-soil 
deomaaes. "IDiiB effeet of moisture contmt is more marked 
in the case of clay soils than with granular soOs auch as 
Bands and graTela. 

The oontrol of the moiatufe content of the snb-grads 
is an essentia] feature of a ^oad road. Water moriiig 
freely under the action of grevr^ can affect the moisture 
contwt of a sub^^ade by reaching it throogh a pervious 
road surfareK by seepage end by a rise in WrsE of the 
water-table, Uoisturu can also enter or leave the sub- 
grade, either as a liquid or as vapour^ under the actkm 
of forces entirely inherent in the soil itself- Moisture 
content also inoreases when the above evaporation 
{movement of moisture) is stopped due to putting on 
top of an impervious layer of surfaemg. ^low 3 ft. 
moisture content stays about the same. 

The main object thereforeT is to maintain the sub-soil 
under ami adjacent to the cairisge-way in as uniform 
a eemditkin as possible by preventing moisture enteri^ 
the road bed rather than by drawing all water from it. 
It is not neoessary to drain granular such as sand and 
gravel because they are not appreciably affected by 
changes of mokture content. Water cannot eastlj Iw 
draii^ from heavy clays because tl is held in auspension 
by capillary forces as in blotting paper. 
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In Um majoritj of cues satuntioo or softening of the 
road bed oau be preyented by providing longitodinsl 
dhches of sufficient depth psnDel to the losd on both 
sides. The croes-seetion of n side ditch is usuelly V* 
shMpcd or trspezoklAl. These ditches mny be fiUed with 
stones, brkk bellast or grevd, etc., of size }' to U*. 
(Also see in the later pages under “Bo^lside Drainage .) 


^ day 8ub*sofl is subject to volume changes arising 
from changes in the moistnre content and such a soil is 
apt to become waterlogged during monsoons or in the 
winter, and dry out and crack in dry months. This 
bo reduced by the incorporation of granular 

gravel, sand or clinker, either by harrowing or by 
rolling the material into the clay or, by consolidation to a 
Uuckness of 3 in ches. Care should be taken to prevent 
d^t contact between the clay suhaoil and the road foun- 
tion proper, and for this purpose a layer of granular 
material, waterproof paper, clinker concrete or ballast 
concrete of lean mix have been used successfully to meet 
varying conditiona. It is also important that the ingress 
of water to clay subsoil should be prevented ; the road 
surface shoul d be well sealed and, particularly in cuttimn. 
mtMoepting drains should be laid along the edges of^e 


The sub^grade also requires protection against loss of 
moiMure A decrease in the moisture content of sub- 
gra<to sous and base materials may occur as a result 
of^ transpiration^ moisture by vegetation growing 
dose to the This loss in moisture is accentual 

di^prok)^ drought and particularly so with clay 
soda effect can be minimized by not permitting tlm 

• condition is^hor. 
wise soita^) withm 15 fr. of the edge of the carriage, 
way, especially in the ease of concrete roads. 

Before designing t^ sub.soil drainage system for a 
be made of theSl a£ water con. 
ditions in t^ rob-soi Free water can be intercepted 
^ water-table can be lowarS^ by 
the installation of sub-soil drains. The position of ^ 
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drmiiM ahould be such that the w»ter*tab)e is 

lesst four feet below the formation lerel. In the ts tn 
of ooDorete roads the base of the dab oot be less than 
12 inches above the anticipated water level in the side 
drains or the sorrotinding oonntry. If the water-table 
stays below six feet, it may be ignored. 

The back-fni used in the drainage trench should 
of a properly designed filter material, especiaDy where the 
sub-soil is liable to cause silting of the *^>0 

Hmit for the coarse particles of the fQter material is based 
on the size of holes in the pipes (for perforated pipes) 
or the gap at the joints in the case of open jointed pipes. 
The size 01 most of the filter material must be greater than 
twice the size of this gap. In the case of porous pipes 
this requirement is unnecessary. These drains are 
sometimes called French Drains, ^e sub-soil drains are 
caDed Miirt drains and are made oroas-wise from the 
centre of the road sloping diagonally doa m w ar ds towards 
the flow (staggered in the herring-bone fashion). 

For concrete roads, the drains should not be laid in a 
herring-bone fashion as they are considered to disturb 
the formation creating non-uniform oonditioos of support 
to the concrete slabs. 

The fQter material can be clinker, gravd or bride 
rubble which doee not contain fine-particlee and whidi 
can be properly packed. A suitable grading is f-in. 
to 3-in. 

Size, spacing and depth of the laterab (cross drains) 
below formation level, depend upon the nature of the 
soil, its moisture retentive power, rainfaO and the longi- 
todinal slope of the ground, '^e depth varies finoo 
18' to 4 ft. The drains should be laid not lees than 
18' and not more than 4 ft. below the formation in sandy 
soils, not less than 24' in silty soils in wet locations and 
3 to 4 ft. in dense soils. Soils with high degree of capil- 
lArity require drains to be placed at a lower depth than 
in p>roos soils. In wrater-logged situatio n s, the sub-aoil 
drains to be effective should be at a safHcieot height 
above high water levd, the formation being raised to 
suitable heights. The mains and sub-mains may be 
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A to 8 ft, below Uh utunl str&ce, Hk depth is iftkeci 
to be Kt the inmt of the dnin, Kpee (laterelB] abcmld 
Dot be kao tbu S-in. in dwDeter end need not be toon 
then 4«iiL eoEoept whote the ground is weter^logged* or 
vheie the feO is Im then 1 in 200, or the leienl is more then 
AOO ^ lo^ when it may eometioMS be Sine of 

lu e inw wiD be b^ger eecorduig to the Leterels joiiiiiig 
them, end mej be 0 to g ioL or zdoiu, 

Dnune ehoiud be iostall^d well in edF&noe of the iwi 
eoutmction to aflow as much time as fXHsible for the 
estabHehment of eqniKbrinin moistim c<mditioos. 

foDowLng table may be taken as & guide for the 
spacang of sub-soil draina, in feet ;— 


Nature of Soil 

For Frofmtim of aaOa, veei 
■‘Sdil UndMoka^* 

l^pth of inve 

1 ft. to $ ft. 

ft of drain 

t ft. lo4 ft 

Saz^y day 

Ctayloam 

Lo^ 

Sandy loazn ,,, 

Ssod 

2B to 30 
20 to 40 
45 to AO . 
00 to 00 
OS to 100 

rso m soo 

20 to 35 
40 to 45 
55 to 55 

9Sto 100 
100 to 150 
SOOto 300 


A thumb rule is known that a tile or drain line wjh 
draw 1 ft, on mch ^e for each inch of depth. 

lb. C. G, EQiot gives the following gakLance for the 
■paeiDg of aab-eoO drains 

CtoM d«DH soOi, day 

Coastal pUin landi ootx^poaad of suaed olay* 
with flqo aaod and ot ttnilbnu stmotaiv 
AJhiviaJ grounda or btmwy aofla bat with Ecani]- 
Ur ytroct ur e 

Alluvial gilaoial drift and aasdj loam with 

day anb-aHk 

Sandy lactda and aotk oantainlii^ oonudaxahle" 

quantity of vegeiabki matiw „ ICO to 200 ft. 

6, THlf SUB-GRADE AND ITS PREPARATION 


>0 to 40 ft. 
00ft. 

TO to soft, 
lOOft. 


"^e proper preparation of the sub-grade for any mad 
* ™ tmpoT^co before the road stmctn™ fpav- 

meat) IS laid over it; Unless the foundation is hard wTid 
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finn and propetiy shaped the resahing road will be bad 
sad win remain b^. Spedal attention most be giTen to 
the eompaction of the snb>grade and He drainage. Im¬ 
properly made sob-grades are the canae oi great waste 
of money and frequently when the road bteaka op blame 
is placed upon ihe partkmlar type of binder oaed where as 
the real eaoae was probably a badly prepared sub-grade. 

A sob-grade is not proper l y drained unto it has been 
hnpoasible for any rain water to remain upon it for a 
kx^ger period tbtt 12 boura and i m possible for any aur- 
face or irrintkm water to increase the moisture oonteirt. 
It should be made imposeible for any water to remain 
stagnant in the road lade drains and gain admission to the 
road surface by oapiOaiy attraction, liany faOures in 
road construction wc^ are doc to the lack of proper drain¬ 
age of the Bob-grade. 

WhOe the aDore is true for normal sob-gradee the 
notes about moisture content in the soil abould not ^ 
forgotten. Caaes may occur where, in order to m ai n tai n 
the moisture content in the aoO by capillary attractum 
it is advisable actually to arrange for water to remain 
in the side drains. 8^ with a great excess of sand would 
be an example. Precautions are necessary in the case 
of sub-grades composed of oobceive soils to prevent volume 
chaises arising from variations in moisture content. 

A certain degree of moisture present in the materials 
keeps them in a stabilixed condition; but the moisture 
'content is liable to vary with every change of the weather 
and a variation of it will canae a change in the support 
rahie of the material. The sub-grade must be prevented 
from becoming so dry that it breaks up from want of 
coheskm, or so wet that it forma mud. 

The only matMial that can be used for the sub-grade 
ia the natural soil AH aoik are composed of sand, silt 
and oiav in varying proportkxui; the proportions of these 
materials and their propertiee affect their stability under 
load. An ideal road material is one in w'hich all these are 
present In proper proportions so as to obtain the maxi- 
mum atabuity, otherwiw an unstable road win result. 
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An intimnte and compact mixture of the following wiD 
make a etabUned soil 


Sand 

SUt 

Clay 


— 70 to 85 p.o. 

— 10 to 20 p.c. 

— 5 to 10 p.o. 


(Also see under *‘Stabai^ Soil”.) 


It will be usuaUj suffldeot to 
have 70 p.o. sand and 30 p.e. 
clay and silt together. 


Compaction of the soil is caused by traffic whidi re¬ 
sults in the differential settlement of the sub^grade. Sandy 
sub-giudes are pmticulariy susceptible to compaction 
especially where vibrations are produced. Clay sub- 
grades however may also be liable to plastic deforma¬ 
tion under repeated loads. SoU below a sand layer, if 
day. will settle, and should bo tested for load. 


Where the sub^grade is of low bearing capadty, some 
metlK^ should be adopted for increasing the bearing 
Soils with bearing capacity of lees than ( ton 

E er 8<j. ft. are not usually suitable for sub<g;rMdea under 
ravy traffic loads. (See under “Dedgn of Pavements”.) 
Patchra of soft soil, jf any, should be excavated and ra¬ 
mmed and substitute by good granular soil. Sometimes 
about 6 inches or more of the unreliable sub-grade ma- 
lerial is removed from the site of the road and (rood soil 
put in instead. 


SuitabQlty of Natural Soil for Road Work 

In order to determine the suitability of a particular 
^ it is emtial to know the proportion of each material 
mine soil and also whether the particular material pos¬ 
se^ the properties required of it. For instance, a road 
■oU that IS 95 per cent sand wiU not cohere, and a cUy 
that does not possess the property of cohesion is useless 
as a material and will do nothing but make dust. 
The following field tests can be made 

(») To find the proportion of sand in the sofl 

tf “Mi weigh it Put 

I with water. AgiUte it and pour off 

the clay. Do this several times untQ nothina but —nd 
m the gl^. Dry the sand and weigh it The 
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(m) To determine the proportion of cUy and alt:— 

Silt ia generally dariwr in odaai than day and a eample 
that oontaina too high a peroentam of silt will not hare tike 
characteristio brown ookmr of day. Silt settles more 
rapidly than day. If the sample is put into a glass and 
mixed with water and allowed to settle the day will remain 
muddy while the silt will settle within a few seconds. A 
sample that clears very quickly has too much silt, some 
day should be added to it. 

(»»0 Qttalitus of days 

Pure clay is very retentive of moisture and becomes 
plastic and unstable when wet, and as it abrades easily, 
produces all dust wrhen dry. The extent to which these 
objections occur depends on whether the day is of the 
"slaking or non-slaking” variety. The slaking variety 
is undedrable as it is more mu^y in wet weather and 
more dusty in dry weather. To determine the qualities 
of various days by the slaking test :— 

Make several balls of the same site of the different 
days and dry them out. Place them in water so that 
they are covered entirely. The balls which hold their 
shape longest after beina placed in water have the hipest 
resistance to slaking, and that day is to be preferred for 
use in the road. It is important in this test that if various 
days are being compcired, the proportion of sand in each 
sample should be the same and should not exceed about 
25 per cent. If sand is in excess it should be removed 
before doing the slaking test. 

If the day is of the slaking variety the balk will dis¬ 
integrate ahnost as soon as they are put in water, such a 
day k not suitable for road woiic. Samides that contain 
too much silt will not show good non-slaking qualities 
And will break up atonce in water. Clay requires to be 
added to such samples. 

To Ttti lAe mUabUity of oand —Place a sample of 
the sand in a vessel containing water and agitate the 
arater until the sand is thorouj^y in suspension. Then 
when the sand has been allowed to settle poor off the 
^ter slowly. A good quality sand wiD not be carried 
off with the water but will remain in the vessd until 
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pnctMally bU the water has been drained off. A bad 
quality sand will not meet this test and is not suitable 
for use on roads. 

Cooqiaetton of tbs luh-cnuls. Compaction b** been 
dealt with in detail under "Embankments" in the Sections 
on "Irrigatkm" and '*Soil Me^ianios". Clay soils in 
cuttings do oo*. generaDy need further compaction. In 
fo®t, heavy compaction of such a soil may be harmful 
ss it iMy destroy the internal structure of the soil, re- 
pdting in loss of strength. Granular soils may, however 
need compaction. To obtain a high state of oompactioa 
of granular soils in cuUinp, the best method is to excaTate 
the soil to a depth of 2 ft. below the Hnal formation level 
and then replace it and compact it in 8-in. thick layers. 
Another method is to compa^ the soil formation with 
either frog rammers or vibrating plate machines. These 
M ^ ^lnes compact granular soils satiifiKct<Mily to a depth 
of about 1 ft. 

It is oonsadered inadvisable to oompaot cohesiTe soil 
tab-grades below their optimum moisture content in 
cases where they are Ukely to be subjected to the ingress 
of moisture. (See under "Rolling"). 


6. ROAD ROLLERS 

Rollers vary in weight from 2 tons for bullock rollers 
to 15 tons for steam rollers. (Cylindrical driven 

roBers are lighter than 2 tons). T^p® of the roller to be 
used and its weight depends upon the nature of the work 
to bo done, properties of the soil or the agsresate to bo 
consolidated. 

The following types of road rollers are generally used 
in India :— 


The CyUndrleal RoUsr : This is a light roller of iron, 
concrete, or stone ; drawn by hand or bullocks. The size 
varies, but it is generaUy about 3 ft. in dia. and 4 or 5 ft. 
long. Ground premure is about 100 lbs. per sq. in. 

*'?f*i*t"?* “““t of « 

h^w eyli^cal Me.) on which pcojccting feet 

^ trunce^ pyremid. or eUggered teeth ere mounted. 
Venooe niakee ue eTaileUe hering different diemeters 
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and widthf of drum and different lengths and shapes of 
feet. The mo^ oommon type is the one havingtwo 
drums 4 ft . wide and 3 ft .-6 ins. in dimn^ t e r with feei 
8 ins. long. The rollers are described either as taper foot 
or club-foot rollers according to the shape of the feet. 

Drawn by a tractcr or bollocks. Not effective with 
sandy but is a useful compacting unit on clayey soils at 
low moistore content. Compels more densely to a certain 
d^h than any other plant. They should be used on layers 
of loose material less than 9 ins. thick. The soil is suppos^to 
be consolidated when the impression by the projecting teeth 
b not more than deep or when the surface has been rolled 
16 to 20 times. 10 to 20 passes are generaUy required to 
complete coverage. The density of the consolidated 
soil should bs about 1.48. The top Uyer has to be finished 
with a smooth wheel roller. Them rollers are also 
Tuneing Rollers. Pressure on the feet may be increased 
by fUling the drum with wet sand or some other materiaL 
When loaded they can weigh up to 75.000 lbs. for a lO-fi. 
width. Pressures on the feet vary from 60 to 100 lbs. 
par aq. in. for light rollers and op to 400 to 1000 lbs. per 
sq. in. for giant rollers. ^ 

Posoma^tyrad or WbooM Bnbbor-tyred Rollsrs : Noi 
much used in In d i a. These rollers are generally 6 to 10 tons 
weight and fitted with a number of wheels (up to about 16) 
Used for compacting cold laid bHuminous pavementai 
soft base coum material or layers of loose soiL These 
rollers are suitable for compacting do^y graded 
and fine-grained cohesive soils at moisture content ap- 
promhing their plastic limits, though the compaction b ^ 
as high as that with the smooth-wheel roller. .These roDera 
are particularly efficient when used to finish off the 
embankment compacted by sheeps-foot roller or on loose 
sandy soib. Motive power b provided by a tractor. 

Smooth-Wheal RoUen 

The Tandem Rollert: These are two-wheeled light 
weight smooth-tyred rollers. The wheeb are of equal 
w^th. Best machines for the initial rolling of oold-laki 
bituminooi pavemenU and surface dresaings. Not suit. 
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able Ux oofnpecting beae oounee of hard materiaL 
Groond preeeore k 140—240 Ibe. per eq. in. Ueoal weight 
k 4 to 8 tone. 

The Three Wheeled Ro Im: Power driren (eteam or 
dkeel). Commonly used in India. Smooth-whMl roOen 
are moat suitable for consolidating stone aoling» grared, 
sand, hard core, baUaet and sorfaoe dreamogs. XotsuitaUe 
for oonsoUdating embankments and soft aub-gradea, but 
are better suited than any other plant for oompaotmg ailty 
and sandy soils and with fewer psssea. When the nu>k- 
ture content k a little more than optimum it will oompaot 
more easfly. Usual weight k 10 to 15 tons. 

The two types (steam and diesel) are Tery much alike, 
the difference being mainly in power unit. These rollers 
are also manufactured to work on kerosene or petrol. Ad* 
Juatable weight devices are available which can be fitted 
to the wheels so that the rolling pressure per mdi width 
can be varied to suit different oonsolidatioa requirements. 
When engaged on heavy work, the sliding weights most 
always be at the rear of the roDer. The sliding weight 
must never be moved when the roller k on a gradient. 

The steam road roller can stand heavier wear and 
tear and k much simider to work than the diesel roller 
but it takes over an hour to start up and cannot be tern* 
poraiily shut off, while the diesel type can be started up 
and shut down in a few minutes ami does not consume 
fuel when staxxling temporarily idle on a job. Diesel 
rollers are cheaper in running cost. 

Working and Care of Steam Road RoOen : 

Labour —One trained driver and one clesmer are re¬ 
quired. The driver should be able to do minor repairs 
such as packing glands, m a kin g joints, tightening up of 
bohs and nuts and even the adjustment of water in oraises. 

jPuei—If wood fuel k used instead of coal, the box and 
fne bars should be specially adapted. The fire should be 
banked un at lu^t when t^ roller k in work. Thk k 
done by damping down the fire with aman ooal and half 
buml aabee, dodng the damper and pli*mg ^ cover of 
■ome sort over the chimney top. T^ fhe will then 
5 inc,a)der during the night keeping the water in the boiler 
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bo4 And aave fuel required in nuang iteam in the mcmung. 

Water —The presence of aalta in %rnter is reedily notice* 
sble by alight inomstetions appearing at the glands, cocks 
or jointa. Muddy and salty waters danoage the ralres 
and cylinders. 

Boiler —^The boiler tubes should be kept clean 
by being swe^ once or twice daily wHh a tube brush 
If kept clean they will not crust up with scale which re¬ 
quires special tube cleaners to scrape out, and which inter' 
feres with the steaming capacity of the boiler, if allowed 
to remain. If the tubes leak at their junctHm with the 
tube plates as a result of bad feed water or &om working 
f« long periods on a steep gradient, and not keeping sufi? 
dent water in the boiler to cover the ends, they should be 

panded with a tube expander, but repeated use of 
this should not be encouraged. Leaky tubes invariably 
indicate defective working in some directaon. ^ 

Weekly or foitnighUy, according to the cleanliness 
of the feed water used, the boiler has to be washed out 
snd half.a day should be allowed for this work including 
filling the boiler sgain, packing glands, etc., and 
steam. The plugs or mud-hole doors at the bottom 5“ 
the fire-box must all be removed aixl all mod aiKl deposit 
thoroughly washed out from the four aides. If this mi 
is aDowed to accumulate above the level of the fire-bars 
the fire-box place will^ become overheated and will bulse 
» crack and the stays will leak or be broken. The ma^ 
hole door in the boiW barrel should be removed once a 
year and oftener if the feed water is bad, and as much 
cleaning and scaling done as possible. The fusible plug 
which is provided in the fire-box crown plate of every boS 
»hould be taken out and, if encrusted, carefblly cleaned 
at least once a year, oftener if the feed water is 
If there is slightest doubt about the ccmdition of the fimbU 
plag, a new one should be fitted and the old sent to be 
refilled. An encrusted fusible plug which may then 
not melt when the boiler is short of water is e serious 
^l^ooAge. Always keep a spare fusible plug. 

Steam Pressure—Moat compound rollers work at 180 Iba. 
per sq. in- and most siz^ cylinders at 140 Iba. Ths 
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b gilwr ■hoold worii at or nearly at iu full working prea- 
sore oontinooualy. Tliere it no excuse for repeated blow- 
ins off from the safety valves which is wasteful and noi^. 

Reverting under Steam —The engine should not be re 
versed without first shutting off the steam. There is 
no harm done in reversing a roller when under steam 
provided it it travelling quite slowly, but it causes slight 
wear and tear, and may possibly be responsible for a 
breakage, if done at high speeds. 

Great care should be taken to see that the water does 
not get low in the boiler. When going on a climb tee 
that the water level is maintained, this can be done by 
adjusting the feed water pump valve before starting. Neg¬ 
lect of this precaution often leads to melting out of fusitM 
plugs. 

The gauge cocks must be kept perfectly ti^t and 
clean and the test cocks should be blown thiou^ occa¬ 
sionally, when testing the water in the gauge glass. Some¬ 
times the gauge glass is not a true indication of the quantitv 
of water in the boiler because of the passage being choked. 
Empty gauge glasses are also often mistaken for full ones. 
This all ahcHdd be guarded against. 

The Max. grade a roller can climb ie 1 in 5. 

When raising steam in the morning in a cold boiler, 
the lower cock in the fuxmel should not be opened and 
used unnecessarily to hurry up the proces s as it win only 
cause the joints in the boUer to le^. The blower cook 
is intended for occasional use only and is useful to lighten 
a dull fire when the engine has been kept standing. 
Kab^ing steam wUl take 1 to boars depending on the 
fuel ai^ whether the boiler is o^. 

When first starting the engine the cylinder code should 
be opened to get rid ^ the co n d en sed steam (water) from 
the flinders. 

Tne setting of the sa/efy valve should not unnecessarily 
be tempered with by the drivers. The driver may sli^Uy 
ease the valve from time to time, by lightly the 

safety valve lever, to ensure that the valve is free. 
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list of Stores required for a day’s work for 

St^ Road Roller working 9 to 10 hoars. 
KoUer) 


a 10>ton 
(Compound 


1. SUunCoal 

(6) Wood fool 
(if oaed instead 
of coal) 
Fira-wood 
Kerosene oil 

4. Cotton waste ... 
8* Cylinder oil 

I. Engine oil (beavy) 
7. Gear oil 
•• Grease 

9. Water 


10 to I8e.fi. 

(0 to 11 mda.) 

14 to 20 maunda 


7 to 10 seen 
I bottle 

*Ib. 

ig«ji- 
I g»ii. 

ir- 

300 galls, for compound 
and 400 galls, for 
jingle cylicder roHers. 


A single cylinder 
roQer wfl] need 20 
to 30 per cent 
nwrefbeL 

Lighting fire 
Lifting fire and 
cleaning 

Lubricating eylin* 
der 

Main driving gear 
Gear water and 
pump. 

Only clean water 
free from mud and 
asH sh ould be used 


hatpin wet climates grease is used for the gearing 

but in dusty country a heavy engine oil is preferable!^* 

P" 

roller»<^ more thin angle .^Imder rollere. 

List of Stores required for washing oot of a 
Stesm Road RoUer once a week; 


L Kerosene oil 
Gear oil 

3. Cotton waete 

4. Coronaoooil 
8. Boiled oil 

8. Wool 

7. Copper wire 
8* Bed kad 

9. White leed 

10. Flax 

11. Baraoap 

}*• ®P®«»«lf»eee 
1*. Sticky^' grease 


I bottle 

I 

t bcdtle 
i bottle 
1/32 lb. 
1/32 Ib. 
»Ib. 
lib. 
lib. 

ift” 

Jib. 


For cleaning breae mountings 

CSeaning brass fittings 
For lead jointe 
For mil cup syphona 
For jointe and trimmings 
For boiler jointe 
do 

For pnckingglarda 
For washing and cleaning 
For atearing gear 

*m»5*^*** ****^ ^ •tssring 
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AsbeBios jointing mill board for mnd hole# will be 
required and a sheet 4 ft. sq. and 1/16 in. thick will be 
sunicient for about one year. 1 lb. assorted sizes of pa<^* 
ings for glands should bo sufficient for <Mie month. Fins 
copper wire for oilers (oil cup syphons) 2 or 3 oz. per year 
wiU be required. 

DimensioDS of Steam Road Rollers 
Old British Manufacture Types 


Particulari { 

6-ton 


12-ton 


Oiameter of front wheel 

Diameter of each rear wheel 
VfTidth of front wheel 

Width of each rear wheri 
Distanoe between rear wbeek e/o 
Wheel baaeo/o 

Load on or weight of front wheel 

I'—r 

4'—O' 

in'—O' 

2.6 tona 

3 tona* 

S'—®' 
6'—S' 

4'—O' 

1'—r 

6'—4' 
S'—6' 
6 tona 
4 tona 

S-O' 
6'—S' 
4'—0' 
r—4' 
6'—O' 
10'—O' 
6.6tooa 

4 tons 

S'—O' 
S'-S' 
4—S' 
l'-8' 
6'—O' 
12'—O' 
5.Stoas 

6 tons 


The weight of the roller in working in about 2 to 3 

tons (varying from 20 to 30 per cent) above its norm^ 
weight. Width of contact between roller wheel and road 
surface is 3 inches. 


Particulars of 8-ton Three-wheel Smooth Roller 


RoDa 

Weight 

Diameter 

W'idth 

in. width) 

Front 

2.0 tons 

4r 

S4' 

188 

Bear (2) 

6.4 tons 

47' 

SO* 

SOO 


Descriptions of Indian made Steam and Diesel 
10-ton Road RoDers 


Particolan 


baa* (dwtanoe b e t wee n axle 
oaotrea) 

Overall leckgtb 
Overall bei^t 
Front roU diameter 
Front roU width (each) 

Front roll rim t h kkn eM ... 

Rmt roll diameter 
Bear roll width (each) 

Bear roll rim thiokneea 


Steam 

Dieael 

ir—ir 

10'—8*' 

20'—s' 

10'_8l' 

10'—1*' 

S'-O^ 

S'—11' 

2'—1' 

1'—6' 

o;-u- 

0'—U' 

4'—0* 

6'—s' 

1'—r 

r-o* 

o'—li' 

O'—li' 
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6 *^— 8 |* 

7'—If 
tO'—^ 

... 

d 

lia5 

• •• 

S 

... 

•»/,0 tons 

10 tone 


IMIba 

... 

170^500 Ibc. 
14 

• •• 

1 


5'—4* 
6 '— 4 ' 

1 ia 6 
10 r 


150—2801ba. 
S50—4701U. 
SO 
4 


Total rolling width 
(withoot ortoofli 
(with Qrtwwiofw) 

Tomii^ eirel* (min. dia.) ... 

Max. crade roller ean climb loado 
Ho. Of ■naada 

Wai^t aopty (approx.) ... 

Waight in working ordar ... 

Ground proaaura axariad par i«w»i» 
width of roBi t Front rolla 
Rear rolla 

Hocoa Power (at normal R.P JL) 

No. of eylindera 

^*4l®^'on^SrnaeiI in the nbovo Dies^ roller io 

High Speed Dieeel Oil nnd consumption is about 18 to 18 lbs. 
per hour u nder normal working conditions. 

Worldng and Care of Diesd Road Rollen 

(i) When starting a new roller or the one that has 
been s t a ndin g for sometime, the cylinder head cover of 
the engine should be removed and some lubricating oil 
poured over the valve stems and tappets. Also pour 
about three tea<epoonfuls (and not more) of lubricating 
oa over the piston through the counter-sunk hole leading 
to the air-intake part of the top of each cylinder hif A. 

(m) Smear all the moving parts with oU. 

(m) The fuel system must be primed. Open the 
oock on the fuel tank and move the fuel pump cut-out 
lever to “running” positaon. Unscrew and ease the air 
vent screws on the top of the fuel oQ fflter and fuel pumps 
ai^ retaghten them as soon as oU begins to trickle out 
without any air bubbles. De-compress the engine and ghrs 
a few turns to the flywheel with the starting handle 
tmta a creaking sound of the notzle inside the cylinder 
M heard; if no creaking sound is heard, disconnect the fuel 
dehvery pipe union on the injector and give a few more 
tuiTO to the engine until fuel flows fireely. Retigfaten the 
union and wait for the creaking noise as before. Give the 
engine a few sharp turns, turning of the engine slowly 
(when the ofl starts trickling) will be of no use. When 
^e engine has attained full speed, the oil pressure should 
be 10 to 15 Ibe. Never run the engine on no-load or 
on light load fw a long period. 
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(wV Id 0t4d irtathar, After puttuig in tlw Inbricmting 
oil in (t) AboTfl, pvfl *ngii» ii few tnnu^ 

keeping the fuel cut-out lever on the ‘^offf" pomtuMig before 

***^)**To step the engiiie* tike off ffie engme load 
move down tit* fuel pump cut-out lever to the poattiom 
Deeomiweas the csnguie juet before it is on the ^oidt ot 
stopmng. Never stop the engine by shutting the 
fad sanply main ooct, othcrwiae it would be neoeesary 
to prime the fuel syatem again for the next start. 

(oi) Tbo band broke is normally used as a parking 
brake and it can also be used to awist the foot brake on 
steep gradiente. 

Periodteil aHeDtSon after every 8 ranniug hours:— 
Check the lubricating oil level, the water level and the 
fuel supply. Clean the iubricaOng oil filter by giving 
about one turn to the top handle. IJram the valve 

tappet chamber, i . i. t' 

TJuriniE working of the engine see that the cooling water 

temperature remains between 120* and 180* P.j and the 
InhfiratiFg oil preaenre between 10 to 15 lbs* 

d^ see I.R.C. Journal VoL XV-3, Jan* 
IWl from which the above estraots have been taken}. 


7, ROLUNG 

The weight of the roller to be used should be aecord* 
ing to the size and bardn^ of the stone and the thickncaa 
of the layers of the material to be eonsolidatod. For or¬ 
dinary oopaolidariDn of soft stone, 0 to S^ton roller is good ; 
for brick aggr^ate, 6-ton; and for highways and roads 
near towns, 10 to l2'tQii roUmis are satisfactory for bard 
stone metal up to about 2r siie. The depth of spread of 
loose material of any type which can be oomp&cted effective¬ 
ly by the roller should be determined by actual test at site. 
GeneraUy the depth of loose soil should ixxt exceed 6 to P 
inches and that of atone metal 3 to 4| inchee. If more 
iSAterial is to be consolidated it should be done in layers* 
The rolling should start longitudiDatly at the rides and 
work towards the eentm of the pavement overlapping on 
auceesrive trip by at least one-half of the width of roller 
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while fltArtLD^, ajod the overl&ppiog m&y be reduoed in 
about Due foot while f Lniahing. This eliminates uiieOEdpao- 
ted stripe in the sorfaee. In euper-elented ourres rolling 
should onmmenee from the iiLner edge and proceed towards 
the outer. 

The number of pusee reqoired of a roller to gire good 
compaction of any material ^ould also be determined by 
actual test at site. 'With good tough metal as many m 
50 passes over the dry matenal may be required to give 
good results. The shoulders should be rolled fowt to 
lock the stones firmly at the edges and then rolling ahoukl 
graduaDy progress towards the centre. 

The roller should be operated at the piiniTnnin speed 
which the roller gearing will permit while conaolidatiiig 
base and soling courses and s^uld be about 2 milea per 
boor for smooth-wheel roher end between 3 and i miles per 
hour with pneumatio^tyred ai>d shee^oot nilleffl. Foe 
b^ter work the speed of a smooth-'i^Bel roUer may be 
incseeeed to 3 to 4 miles per boor. (A ateam roller traveia 
about 8 mike in a day while working on oonaolidatlom) 

Working with one roller only for metalling^ the length 
of road closed to traffic ahonld be three times the length 
which can be oonaoHclatod by the roller. The Tirst third will 
be scored, the middle third spread with loose metal^ and 
the last third ocKOBolHlated. Working with two roDfUS 
grouped, the first wdl carry cut dry mlhng sikI the secoiad 
wet rolHng juifi sarEsdiig so that progress is doubled, and 
the length of road isolatM will be twice as groat, A 10-^. 
wooden Btrsight edge should be kept for checkiog the 
Borface during rolling. 


Methods of Baas Gompastlcn 




max. thieldMSB of 



W«i^t of 

loOtB maiwiilJ 

Moistora 

Hatwisl 

RoUer 

to be cdopac. 

cKnitea 



ted in ii». 

(pet cent) 

Hard borifiklHUt or ...Ij 


*■] 

«• 

Kot imA 

enabod rwk ,..j 

Aabea, Qlink«T 

or more 

S tODS 

portast: J 
1£— SO 

fitaUe olsYor eravehi.,, 

& toca 

9' 

e— 10 

QicfsjMada 

6 — ft tool 


10—1 S 

Laan-mbt eocf rote 

Stciia 

ft' f 

... 
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Recommended Plant for Particular Soila and the 
Number of ‘Tiiapee” for Sufficient Compaction :—(Ako 
•ee amiUr table in the Section on '*Irri^atioa** under 
**Embankznent«’*). 


Plant 

”27 

saty 

aofl 

Sandy 

aoil 

Sand 

Smootli-wbed roQer 7-ton 

••• ••• 

8—16 

8—16 

8^18 

Pncunataa-tyrad roQar 

... 

... 

8—18 

8—18 

Shaapafoot fpflar 

1 S Itt 




fimooth-wbaelad roOar 

... j 4 8 

... 

— 

••• 


(Ontrml Road RoMareh loatitata, Delht). 


Increaaing number of “paMee” compac tin g more) 
may not produce a higher denaity of the soil, but on the 
oth^ ha^ there may be reduction in the relative compac¬ 
tion. 

The compaction obtained k determined by measuring 
the dry denaity of the compacted soil, uauaDy by the sand 
replacement method (expluned under ‘"Soil Mechanica”). 

Out-pvt of a Staam Road Roller;—(Aj^wox.) 

A steam road roller should be able to consolidate 
about 700 to 900 cJt. of hard road metal, well rolled to 
full compaction, in a day (working nine hours). For 
aoft metal hard rolling is irradvisame and in sndi cases 
2000 to 9(XX) cit. may be consolidated. (If more work 
is pushed throu^ it may mean, consolidatjon not fully 
done.) 

For rolling soling, about f mile of a 12-ft. wide road 
aboold be dmie in a day. 

For rolling on re-metalling woric, 3000 to 4000 sq. ft. 
are consolidated in a day. 

In the caae of rolling on pre-mized metal, the rate of 
cons ol idati o n should not exceed 1400 to 1800 so. ft. pw 
hour. 
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RoQinc SortiM Dressings : (Approx.) 


16000 to 18000 sq. ft. per day 

On ohtpa, spread at about 

6 0 . ft. per 100 sq. ft. 

10000 to 11000 aq. ft. per day 

On i' chips, spread at 81 to 4 
0 . ft. per 100 eq. ft. 

10000 sq. ft. per day 

On two coats of surface dresring 

dons together. 

SOOO to 6000 sq. ft. per day 

OonsoUdatinf premized carpet. 


In baQock rolling (with light-weight roUen) long 
lengths of rolling are neoeaearj to prevent waste of time 
in taming round. For steam rolling short lengths are no 
objection and are less impediment to traffic; i to 1 fur- 
kmg shoald be the limit. 6 to 8 trips of the roller are gene¬ 
rally sufficient for surface dressing work. 

8. SOLING OR BOTTOMING 

The primary function of soling is to distribute the 
load over a soft sub-grade in such a way that there will 
be no sinking of the road crust into the sub-grade. 

Soling is generally laid in a trench made in the road 
and kept one foot wider than the finished road surface. 
The trench should be dug to have a profile of the same 
camber as the finished road surface and this trench should 
be well rolled before laying the soling. The soling ahould 
also preferably be rolled before lajring metalling, wei^t 
of rowr depending upon the material used. 

All soft places in the sub-grade shoald be excavated 
and filled in with firmer spoil and well rammed before 
laying the bottoming or other foundaticms. No soling 
or metal should be laid on a new road where additions 
earth has been put unless it has been expos e d to one rainy 
season and the formation brought to proper level again 
and consolidated. A road can also be opened to traffic 
after soling has been laid and pencUng metalling, 
any uneveneas developed made good. 








lB/43 FHAC7TICAL CETIL HASDBOOlk 


Stona SoU3£» If rabbla la u^ed^ for wctlom in |;;cxxl 
eoil, 6' of rubble is specified to be tDCreased to S' if the sub- 
grade is of poor soUr No stone ebouM be less than 4' thick 
or kw than § Ibs^ in weight or more than the depth of the 
soling in thickness and not to exceed in length or breadth 
twice its thicknees. Stones should be hand packed ** 
close as possible and bedded firmly with tbeir broadest 
face downwards and greatest length aom^ the roadway^ 
and Voids filled in with chipa or snaall stonee. Gatige pegs 
are driven in to indicate the thickness of the stones to be 
laid. The mterstices are filled up to the level of the gauge 
pegs before roltmg and any hoUows formed are filled in 
during the prooeas of oonflohdatioo^ so as to conform with 
the gradient and camber and leave an even finished solid 
BQrface. 


Soling should not be laid in two layers as the top of 
the bottom layer has generally an uneveo surraoe^ and 
the upper layer is likdy to rqck under traffic. In cases 
where the ftiU depth of soling specified annot be obtained 
by a single rubble layer, a layer of large siae metal of the 
nec^sary thicknees should be laid over the rubble to fill 
the iotenstioes in it and to give the necesaary depth of soling. 

Some engineers are of opinion that if a layer of sand 
or small aizo gravel, about 4* thicks is spread con¬ 
solidate over the ground under the soling tt will ware as 
a cushion underneath the road and prolong its life 
Brick SoU^ ^ 

A cushion of half to one inch of sand is rocommended 
ut^er brick soling. Where brick-soling is sp^ied, the 
bricks are laid flat or on edge with dose fine joints. Bricks 
are laid with their length along the width of the road with 
joints evently spaced paralleT and at right angles to the 
centre Unc ^ the road^ adjacent layers breskiiig Joint, 
fl-m. (one brick) profiles are made at right angles to the 
length of the r(^ at g to ® ft. intervale and one in the 
™tre lengthwise. Edging is made with single bricks 
Imd TO edge or on end, pamtlel to the road. profilai 
are f^ made then cresa bricks filled in. Soling with 
flat bne^ may be laid in single or double latrem, breakiiig 
jcintf, with a Uyar of aand between the ooursee to act u a 
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CTuhion. Is places howawr^ v'hera the soil is loamy, the 
isg may be brick-OD-edge aa this sub'grsde afTords go^ 
Bopmrt to the bricka Alter laying bricks, earth or 
feaad shonkl be spread over the aoling to a thk^eea of 1 
inch so that the joints of the soling may be filled up by the 
earth or sand voridng in. This earth must be aUowed to 
remain as a protectTvo eovering to the soliitg imtil snch time 
as the road is metaQed. 

The soling bricks should be folly burnt or a tittle over- 
burnt. The bricks shoidd not abeorb more than ooe-fborth 
tbfdr weight of water after oue hour's imnuKHiiDa Mjvi 
should show no signs of efflorescenoe on drying. Tlie 
soling bricks need not have '^f^Clg5''^ Brick soHng should 
be rmlod with a light roUer of say 5 to S tons and brought 
to camber. 

The bricks are laid either to project 6' beyond the edge 
of the metallipg or with a row of bricks placed npright on 
end to project from the face of the so'ling by an ambunt 
equal to the tbicknev of the metalling so as to act as a 
kerb to it and prevent the metal irom spreading. Alterna¬ 
tively, two pars^ bunds of clay paddlet or bajri or metal 
mlied with day* 9' wide and of the height of metalling are 
made along the outer edges of the area to be metaJled. 
A 12* width of the berms should be made up at the 
same time to act as backing for the bundsn 

Hard-con soling may be of overbumt brick-bats, kankar 
(4' sise), laterite, moorum containing pebbles etc., well 
oonsoBdated sntO' the ground iu a trench, and of the re. 
quired thickness. This type of soling serves well over 
hard and firm sub-grades. 

Sometimes extra thickness is provided at the edges of 
the road (esiled haunches} for a width of about 1'—d* 
and a depth of 0 inches below the bottom of the iteling 
with extra stouss, to strengthen the edges which are the 
weakest part of a road, 

9. BfETTALUNG 

WataMwund Muadam 

Anything above y of hard metal and 44' of soft metal 
should be laid in two layers ami each layer rolled separately, 
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the lower lajflf being nearlj oonaolid&ted , iiot oomptetel; 
BO, before the next Ujer s pwt on. No blindage to m 
n^ on the first layer* The metal ahonld be Bcreenfid 
to remove fines to dnat which is s|Kread over the 

snrfaoe (top) after first wet rolling as blindage, not ex* 
OHdipg l' thick. 

If the watoT’boand macadam is laid in two distLoct 
eoee of aggregate to be applied in two layera, each to be 
laid eeparately and one to fill the voidja in the other, (the 
lower layer rolled before the upper Layer a put on), it 
wiD make a much better and amoother surface. 

The metal ia rolled dry until well compacted and 
there is no appreciable movemeut (in the metal) when 
walked upon, or no appreciable wave in front of an ad¬ 
vancing roUer, and no lines of roller are left on the surface. 
Dry Trilling should preferably be done with a Light roller 
(tandem roller is considered brat) as the object of diy 
rolling is to obtain interlocking of the edjaowt pieces ^ 
atones by setting up a vibratory motUm and not by forcing: 
the stones to fit in as in compaction. Excessive dry 
Toning shotdd be avoided u it is apt to cause corrugations 
in tbe surface. 

The metalling is then moderately watered an^ kept 
satoAted and TolUng oontinued until the consolidation is 
completed. Just enough watering should be done so as 
to flush the metal slnrry into the interstices and excess 
water that will soften the snb-eoil ahould be avoided. 
A rough test for finding if the consolidation has been 
fully done is ; a pieoo of metal about the ^izo of a walnut 
is put on the surface and znller passed over it, it wiU be 
driven iu if the consalidatioi]i is incomplote, but wilt be 
crushed If the surface has been weh compacted. Or, a 
loaded buUock cart (not of the heaviest type with imn- 
tyred wheels} going over it makee no impnesion. Thera 
should be no creepy of tbs stoua ahead of the roller. TiU 
this is done, no blindage or surfacing materiai Is to be put 
on. No rolling shall be done when signs of motal crush¬ 
ing are noticed or rolling causee waveliko mottone in tbe 
base course or snb^grade. Over-roQing ahnuld not be done. 
About 20 to 30 trips of tbe rnUer would be suffident. 
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Before starting rolling the metal is dressed accurately 
to camber. Nouesh metal thooki be added onoe dry 
consolidation b** started, as it is merely crushed and serves 
no useful purpose. If new metal must be added onoe con* 
sobdation starts, the part of the road must be fully raked up 
so that the metal is thoroughly incorporated into the body 
of the road. 

When rolling the surface in two halves, a strip of about 
9 to 12 inches along the centre of the road should be left 
unrolled while consolidating the first half. This should 
be properly jointed while the metal is being spre^ on the 
second half consolidated with it. This obviates the 
occ ur rence of a continuous longitudinal furrow along the 
ridge of the road. Where no kerbs exist, one-half the 
width of the rear roller wheel should overlap the shoulder 
sufficient timo to compact the shoulder fim^y against the 
pavement. 

When the first consolidation has been completed, 
the binding material (bajri or screening) is spread ovw 
the surface and brushed backwards and forwards to fill in 
the surface voids, rolling and watering continued to 
such an extent that the binding material is formed into 
a slurry •jv? is grouted into interstices. After the road has 
been fiiDy consolidated, the surface should be covered 
with 4' layer of either sand, fine gravel or bajri and road 
openca to traffic, preferably four days after. The ro*<l 
is kept watered so that it remains in a damp condition, 
under traffic for 14 days. Where tracks are formed by 
the traffic on the new road, barriers should be put on 
sudi tracks, which may consist of tree branches, to divert 
the traffic. After 15 days a light watering and roUing should 
preferably be done. '‘Blindage*' has been described in 
detail in the following pages. 

In an ordinary water-bound macada m road where 
the metal is all more or less of one aixe, consolidation is 
obtained by chips broken off by intensive rolling which 
cement the stones together. But such an aggregate does 
uoi interlock properly and large and numerous voids are 
left. Road tends to disintegrate rapidly under traffic 
though the surface may look all ri^t at first. A thicker 
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cwt of metal ia also necmarj moo ooraotkUtion of ft 
tbiD coftt caniiot be effected. But, for the load which is 
to bo Bubeequently grouted^ fwitb bitomen or tar) one siie 
of metal is preferable to wjabb the bLoder to peDCtmte, 

Where water is imobtamable for consolidiition, a 
temporary road can be made with liioo.stoQe (and poesbly 
with other kmda of metal that hare good binding propertHe) 
by dry rolling only^ then apa%ftdipg a ihidt layer of ehale 
t>T bajn, and leaving the tralTIo to do the reet. A road 
can abo be made aiKi oonoolidated without water with 

pre’^mii . 

If the metal is properly graded the partidse inter- 
lode by wedging with small dre stonee and form a well 
bonded surface. The v<»ds are also filled with day and 
stone diist which is forced np from imdeTueath daring 
consolkUtion. This grontiiig material has a far better 
bedding effect than atone doet alone. The bedding of each 
piece of metal is the moat essential feature of the wearing 
properties of a road as it Is the gradual wear of one pertide 
against another which finally accomplishes its destrnclion. 
This wear will not ooour if the metal is bedded in property. 

For jcinte across the road widths end of each layer 
should be given a flat slope and well consolidated together 
BO as to avoid fonnation of bumps. 

Thickness of stOQe-iiiBta] for water-boond roads: 

The thichnesa of metal depends upon the intensity of tra¬ 
ffic, beari^ capadty of the bcmI and the hardnem of the 
metal. Thickness of loose metal generally specified is ; 
2—4" i 1—l"^”i which will consolidate to about 
bj', 4^' and S', rtepectively. Thickness of oonsolida^ 
metal should not normally be lea than 4J' except where 
the road is to be subsequently treated with bitumen or 
tar, where it may be 3 iuB. with bard metal. (For more 
details see under "Derigu of Favemente.”) Where iron- 
tyred cart traffic predominatea, a thicker coat and with 
hard metal shonld be Bperified. The Intensity of load 
of a laden iion-tyred cart is mote than that due to a 
12.toQ road roUnr, per inch width of the wheels. 
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Hw Euximuin eua af sknoe metal ahtmld not exceed :— 
2^' for 3' ooQsolidated thickoeM of e«di tawr 

2* W . 


Some en^ineerB reoommeod that tbo maTimtiTn ai** 
of ooarae aggregate ihotild be equal to the oonaolidated 
thickneee of each (or paTementJ^ tfua proiridaai 

stability} because the larger stonee engage t^ base 
eouree and the aorfaoe haa no tendency to "rol]^' or 
*VaTo". 

Grading of Metal for Water-^and Mseadazn ; 


2 ' 

r 


50% 

25% 

15% 



00% 

2' 

60% 

H* 

r 

30% 


30% 

V 

i 

4l 

10% 

r 

10% 

h* 


The Hiiee are ‘^nommal siio' 
Standard Sizes of Broken Stone.” 


90% 

30% 

10 % 


" hR.C. 


The qoantity of metal reqoired wUJ be about 32 
e.ft. for 4' looee thi c knfWH consolidated to 3', pins about 
5 o.ft, of blindage material, per 100 aq, fo, of road surface. 


Templatef. It ia abaolntely eaaentaai to nsa properly 
made full width gauges or templates fitted with a central 
plummet and both edges fixed with it. The depth of 
the pl ank forming the gange should be the thickness of 
the metal coat so that when the metal has been properly 
spread the gauges are buried just flush with the sarfai% 
intermediate work is then easily tested with a cord 
stretched between gauges. Three templates should be 
provided and used with a distance of about 25 ft. between 
each, bat not exceeding 50 ft. A spirit level shall 
iQTariahty be used with the template to ensure that the 
fdges of the metalling sre trtily level. 


10. RE METALLING 


Oielal Life of Bcwdt 

The useful life of a road depen^ upcm: The type 
of conatruction (or road stmcture), uitenaity and nature 
of traffic, bearing capacity of the soU, dimatic eondiUoaa, 
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and mAinienwc?- The following figurea are UBnaHy 
t&kea for estimating purposes pOmsity of traffic con- 
sidend is for iron tyred and pneiraiatio tyred traffic 
combined)^ 

Water-bouTid tndoodam : 

4 yeara for traffic op to 250 tons per day {IBO Tehiclee)^ 

3 years for traffic op to 500 tons per day. 

L to 2 years for traffic up to 1000 tons per day« 

A water-bound macadam road is not oouaidered suit¬ 
able for itaflic above 1000 tons (oombined). 

BUumi7U»it inaiid : 

12 to 15 years for traffic tip to 1200 tons per day'll 
lliese roadB will tetpiire renewals (re-metalling) at 
such intervula if routine maintenanoe of surface dressing, 
etc,, h carried out regularly at eveiy 2 to 3 years. 

The life of a cement concrete road is taken abont 30 
years. 

Soorlng^—Consists in roughening the old surfsoe with 
pick aiies prior to epreading the new metal. 

Scarifying—Consists in digging up the old metalled 
surface to a depth of from IJ* to 3* preparatory to re- 
metoIUng. Where the new metal added is less t han 3* 
the work is sometinics termed Re-seettojiivg. 

Scarifying Ls a cheap method of resurfamng old roads, 
but should not be attempted unless the average thickneA 
of metal over the soling is at least 4 inches. The life of 
a remctalled road is only shout |th of the life of s road 
given full new coat. 

The old Surface is scarified to a depth of about 1^' 
for hard stones and up to 2|^ or 3' for soft atonee. Scari¬ 
fying is done either by hand picking or by power (inde¬ 
pendent scarifier or tynea fixed to the roller). The 
kmeened metal is raked over to bring the metal from j" 
gauge upwards to the surface, (The rakes ahould have 
prongs giving r dear between each prong.} Kew metal of 
1|' gauge is added at the top of the oW, to make a total 
thickness of at least 4|*, and formed to required shape 
and then oouisoUdated and surfaoo dressed. Fresh metal 
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of ih« same kind should only be mixed with the old metal. 

Where there is a thin crust of hard metal on the exist* 
ing road and it is proposed to lay the new metallmg orer 
the old without scarifying, the old surface should be scored 
for the full width of the road with diagonal (criss-cross) 
Unee 1}' deep and 12* apart for thin coats and 15* ap^ 
for thick coats of metal to provide the necessary key. ^Hbe 
lines should be at 45** to the centre line of the road. Where 
however, the existing road is of soft metal or brick ballast, 
V-shaped trenches i£ould be made, about 3' wide and 2* 
deep, at intervals of 2 ft., instead of the ^‘scored lines" 
for the key. 

The main object of scarifying is to obtain {Moper 
binding between the new layer and the original surface, 
therefore, the original surface should not be disturbed for 
more than what is necessary. 

Where the scarifying is done for the full depth of the 
metal, all the scarified material is removed away from the 
road surface and screened. Chippings from f* to 
gauge and mixture of dust and Hne grit are sifted separately. 
The chippings are spread over the subgrade, addi^ 
more earth or such matter if necessary, to form a thidc 
cushion under the metal. The foundation thus prepared 
is thoroughly watered (but not rolled) and the old metal 
(big size) is spread over it and combed through to bring 
aO the big stuff on top. New metal 2* to 2|' gauge is 
added on the top and consolidated. The mixture of 
dust and fine grit is used for final grouting of the surface 
after consolidation. Some engmeers prefer to pick ard 
loose the old water-bound surface before spreading the 
new metal to provide a bond between the old s^ace 
and the new surface. 

The foundation is loosened by means of pick-axes 
and dress e d to definite aiKi unifmm cross section. It will 
be nece s s a ry to strengthen the edses, which may be dons 
by digging shallow trenches 9* wde along side of the 
formation and filling them with new metal. 

Before deciding how much new metal is required, 
the thickness of the existing metal dkould be ascertained. 
As a general guide for ordnnng metal the following figures 
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may be Uken :— 
ThicknesB of exkUng ooat 

3* and onder 

4' 

6 ‘ 

6' and over 


Amount of new metal required 
for a 12 ft. wide road, per mile 

12,000 0. ft. 

9,400 0. ft. 

7,500 o. ft. 

5,000 0. ft. 


Owing to the metal bt^ graded and doe to a large 
peroentaM of old stuff beiM re-used, the surface is 
stabilised much sooner. wet earth underneath 

also tends to help in this respect. For wet rolling the water 
should be graduaUy added so that complete mechanioal 
locking of the metal can occur before part of the earth 
cushion underneath begins to be forced to the surface 
through the interstices. Interstices should however, be fUl- 
ed by earth squeezed up from below. When conaolidatioo 
has been completed the fine material from screening is 
spread over the surface and thoroughly washed in with 
conous water and allowed to stand for 24 hours. When 
it has partially dried a final light rolling may be given. 
Traffic should be kept off the road for 2 days aiul road 
watered for 7 days after rolling. 

An essential part of the specification is that first coat 
of surface dressing should be put down not sooner than 14 
days and when the road has thoroughly dried all 
the fme stuff must be cleaned out for a depth of T 
before the apptication of surface dressing. * 

(W«t«.b^d M««Uin Ro<wLi._Blin<UM 
1 * OMd for fming the intention of meul and forS 

kiln rubbW, and 

^ ^ «"wly moorum and W.fc., „ 

^ good ^.they bar. the additional advantage of hold- 
ing^ menu If t^ penetrate in the roida betS«n metal 

can be corrected at once. maienai 

The qnanUty of blindage on metal ™d. k about 
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LJZi* ■ or About 5 oil. per 100 sq. ft. Blind 

mAterial should not be spr^ in thick lajerp, e«peciAlly 
t^ clAj con^t » high. A thick Uyer of 
hlU ^ metAl under rolling. Blindage is not usually 
^u^ on mTOrum roads which, however, may be finish- 

*K bindi^ material 

^ould be free fipom My admixtures of clafw dust. If 
the stoM 18 TOmpIetely devoid of bin<W propertka and 
n^mall stuff is obtained from scarifying, earth may be 
P®** *tone consolidated for bind- 

Black sofl should not- 

be used for blindage. 

is to bo painted, no material should be 
fw buidi^ or for blinding which is of such a nature 
^ It cakes hard and is, therefore, difficult to remove 
MMy moorums must be avoided for this reason. 


11. SELECTION OF STONE METAL 
Gsnenl Properties of Road Metal 

In order to resist successfully weathering, abtaaioo 
and fracture doe to stresses brou^t on by traffic, a road 
metal should be of a close, tough, durable and hard texture. 
(‘Toughness” is opposite to brittleness and is the pre¬ 
pay which enablM the stone to resist breaking when struck 
with a hammer, and is essential in a road metal to with¬ 
stand the impact blows caused by traffic.) In addition it 
ahoi^ possess good cemenUtion propertiee so that it may 
retain a well-locked surface under the repeated shocks 
traffic. The last quality is very important for water- 
bound macadam roads and it is this quality which gives 
kankar, limestone and laterite roads an excellent riding 
surface particularly in dry weather, provided that the traffic 
u not too great. But. such roads wear away very soon 
into continuous small ruts and are dusty when dry and 
muddy when wet. Each piece should be square and 
jwp; no round or oblong pebbles, or angular chips or 
ilskes should bo accepted. Stones with rounded edges 
have lees interlocking properties than broken stone. 

Aggregates with rough surfaces offer greater resistanoe 
to displacement under the shearing action of the wheel 
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k>ad than tht»c with Mnooth larfaoe^ Sharp angular 
particlea will b® more reeistant to displacement than 
rounded onee. 

The worst kind of metal is that derived from round 
boulders of small dimensions and varying kinds of long 
exposed rocks. Such metal soon wears into pookeU 
anditshould bo avoided where possible. When boulder 
metal has to be used, the diameter of the boulders must 
not be leas than 5', and the gauge of the metal not more 
♦ti*n IJ*, or jKoper consolidation will be impossible. In 
such c ft»*** a binding material will have to be used. Maxi¬ 
mum possible uniformity of quality should be insisted 
on. Soh sandstones should never be used. Hard uniform 
limestone is easily consolidated and gives a smooth surface. 

The m**«"*"” gauge of metal varies with the hardness 
and the nature of ^e matmial and the weight of the rollers 
available for consolidation. The m a xim u m size is not 
usually more than two-thirds of the consolidated layer 
thickness. The normal max. gauge for stone metal is from 

to 21'. As a general rul^ ^e harder the material 
the sm^er must H be broken. Soft stones like laterite, 
kankar, limestone and also vitrified brick ballast where 
used, ^ould be broken up to 2' to 2|' gauge. The 
harder stones like quartzite, granite, diorite, basalt should 
be broken smaller, that is, from 1' to 11' size, so as to 
sDow the clay or moorum binder to hold it better. 
Coarse-grained rocks are not suitable for use in small 
size. 

The greater the individual sizes of the aggregate, the 
greater will be the stability and strength, because large 
aggregate have fewer voids than small aggr^ate. A 
larger size of metal tends to produce a rougher surface 
than smaUer size but it bears iron-tyred wheel traHio better. 
It is now recommended by some engineers that the 
maximum size of coarse aggregate should be equal to 
the consolidated thickness of the pavement. 

It is occasi on ally necessary to use metal which without 
the addition of some kind of binding material will not 
consolidate at all. If the consolidatum of such is 

oarefuny watched, it will be noticed that after a oompa- 
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“»<xu“ of lolling, either wrt or dir the 
to more m weree in front of the utd 

^ looM rolhng M oootimwd the more unsteblo itWiiL 

otcemmry with guch metal to oae a law of tL 
material arailable. which m^ be ^ 

r^Tely e^ly st^, when farther rolling prxxiucee no*]^ 

be noted that S? bM^n^i 

^ ^ inth the metal before rolling 
fkU Tests for Suitability of Road Hetal 

S” ^ genendly p,««ribed :- 

(•) Onahing; Abrasion or hardnees* Attn#!/... ^ 

Ton^^ (I^ Impact teetir^en’ulton- 

SpectTic gravity. Since theae testa are cairi^^^ 
laboratories equipped with the nrrcfw i n “ 

have not been described here apparatus th^ 

howerer be nXInlhe^ ^ «“ 

Examination should be carried out on a k u 

surface and not one which has been exnoaAH ^ broken 

2£ jSr^£?S 

from large cavatieo. 8***^ material and 

•»*Wung it 

Mrm^ the atone it too eoft ee • road met? Bote'S 
■uiMrt^eio »<^yacr«tchedandtothMoii..?‘n"* 
•cre^meybe taken a» mtielactorT. ™ 

Brittleness of a stone can be tMtMl Kw uud^ » • 
*barp blow a piece of road metal iritb a r 

about hidf-poond weight. If the stonA 

-P^yin*!^ “‘STurbS’tt.e^^'tii- 

m^nJl, I^pi2n‘Sm"'7tS^ 

^tiona. emaally m wet conditiona; and (6) the caL^J*’ 
to ^ the loa^ without cmahiii capaaty 

The first quaUty varies with different varieties of stone. 
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w Aalmto and hard limostooea are considered 

ffood. while granite* and quartxite (unless the surface tex* 
^ theVlSSj is DOt dusty) «. com- 

p„rti»riy b«l. shhwigh quit* hMd for loiid “™»? 
SToUssy or Tory smooth rocks sro not 

aSred Buitile ss such surfsoes do not promote good sd^ 

Son»rilrippingmsyre«iayUkepUoe. A«.rf«>ew^ 
is gtonnll?^ •• that exhibited by some asrrfst^ 
snd^tk and other lim^nes. tends to 
meebanioiDy weak and m many <^the material ■ 
SrSmbent towards bitumen, l^y rorfheea whi* 
^i^iociir with granular rocks and ^.with •»“* 
tit^ are to be aroided as the dust prohrbiU Pt°P" 

^een amttegate and bitumen, with unsatisfac^ 
)^iltr moXup of rocks which exUbit a cryatallTO 
si^ce texture are found the moat suitable for adheamn 

quaWy is determined by crushing^ 
abrasioo tests. Basalt or dolerite am generaDy ^m 
this test slso. The rcsistenoe to abrasion of hn»«to^ 

rary considerably in different types and evra the hardest 

Zi^t compare with hard sand-stones or ign^ ro<^ 
S^^SSSones are highly valued a. road-stone be- 
eause of their good bitumen adhesion. 

The rougher the texture, the greater ^ porosity; 
and the lower the specific gravrtv, the greater »the 
of binder required. A piece of stone should not absorb 
inoro than one per cent of its weight of water. 

Size of Materials for Test Sieves-Square Holes 


Sis* of , Wiiseloth 

Qpcnins 1 Wife dia. 


?Cr7of»MT' 



If peiforstsd Bheet having 
eirealsT bcde* la nwd for tora- 
en*. th« diamrtsr of tbs bol« 
•boald b« 11 tinMs tbs Bids of 
tbs sqaars ipeeifisd. 

8ercen8 •hall not bs sst at a 
slops steeper than 46* to tbe 
boritootaL 
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1»R.C. StAnd&rd Sizes for Bnokoa Btoiu* ui^ 


Wbohy 

paSSiB^ 

aq+nw^ 

M size 

WhMv 
TOtALDlHl OQ 

acj+ rnwh 
o£ wile 

r' 

r* 

ir 

H” 

I" 


1|" 

r 

1" 

i'' 

i" 


r 

li " 

'la 

r 

It " 
fit 

'It." 

'll." 

SOO TdMhow 
to the moh 

SO mrshea 
to tho inah 


Sixfl 

StAndud 

or 

Koaunsl 


P' 

;r 


B«iid 

Msdiain 


(a) la the iteDdird vse* af 
tuA If'', not more 
twn of war 
■hall exondi in grvaf^ 
leas>^b*tbe wiud;^ iIbh 

plui oat imflh. 


(ti> In the vtudard 
of I"*. 1'' wad not more 
ibwn of ur wimplo 

shall oKoiWf In it> 
at leo^hi the stMidtrd 
■i^ plna half innh. 


The shape and texture of a stone an defined 
aonrdtng to the following echeme :— 
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Um or Brkk Hew 

Where itoDA ssstal is not t>oonomicallj ftnilablfl, 
brick ballut of the following apedficatSoon may b* med > 

A brick meW wster-boond ixiacaiiajii road euriued 
with hvd stone dilps can atond a traffic of about 900 to 
1000 tons per day. Famting oonoderabty incmwaa itc 
strength of cruBhiiig und er iroD'tjred traffle. Brick nutal 
when soaked in Viaooaity Tar and placed in a bed of 
tar mixed wand wii^ a seal coat of tar am sand, can with- 
Gtand fairly heavy tralHo, and can bo used for carpets np 
to abernt 2' thick. The brick metaj is soaked in hot tar for 
abont 3 hoars before laying. It has been indicated that 
there is an overall increan in ernahing strength on all 
types of metal after soaking in road tar, and the inferior 
oljuieft of metal (slightly onder bomtj by absorbifig a greater 
quantity of tar, aoqoiTe approidmately the same strength 
aa those of superior quality (well burnt or over^bnmt)- 

It has been ofaserr^ that OTerbomt bridk-metal absorb 
about 4 per eent^ let dan about 17 per cent, and SSnd 
class abont 27 per cent, of their weight of tar, Ihe 
increase in crushing strength over untrea^ metal has been 
noted to be about 18 per cent, 28 per cent, and 48 per oent^ 
respectively. Ibsts carried out show that brick ballast 
has better affinity to asphalt than tar. Adhesion of binder 
to moist brick ballBst is not aatisfaetory. 

The bricks shoold preferably be aligbtly over-bomt 
or thorou^ly web^biimt, deep red in colour with some 
proportioii of deep blue or black Tcins. Spongy or ritri* 
fied material, aa a result of oxeeaaive oYcrburaing, is ose- 
leas and should be rejected. (Some over-burnt bricks 
which are specified aa vitrified, Jhams or Kban^ are 
quite suitable.} ^^Fajawa”' kiln burnt bri^ an not 
oonsideTed suitable. The rize of brick bafiast shoiild be 
ffnm 2\" to Ij” weQ graded for water-bound maffadiAnM 
and down to I'' for carpets. For a good mirtnie efTorts 
^ould be made to obtain TO to SO per cent of over-biimt 
(soiUble quality} bricks. 

For a water-bound macadam road a minimtrm thkk. 
nev of 4^' of brick metal should be coniqUdated over a 
kankar or brick soling. The roller used sboukl not exceed 
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3 tout. Brick bftUaat Ahoold not lie dry rolled. Snlfi^ 
dent hoggin should be left oner the sob-grade to enable 
it to work up and fUl the inierstioes of btiok bailost for eome 
depth. After consolidation, the brick ballast aorfaee 
eheuld be kept Donstantly blinded with earth or eand 
tall it dries up and the first eoat of painting ia done, and 
DO traffie should be allowed O'O the road in the zueann^ 
time. The firat coat ef painting ahonld he given soon 
after oonaolklatian and when the road has dried. The 
road aur&ce ahould be thorooghly cleaned and brn&bed 
and BUrfaoipg done as uanal. A two^oeat work is to^ 
commended. Brick bahant has a tendency to abaorb some 
binder^ therefore, an e^ceaB of about 10 per cent of binder 
and grit are required than needed for a atone metal sur* 
face. The grit for each coat ahonld be spread in two 
layers and each layer ehouH be rolled separately. Hard 
■tone obipa should only be used 


This type of road is not suitable for heavy bnHook 
cart traffic, but is very economical for built-up areas with 
light traffic. 

The following quantities of material are re^juired for 
a 3'in. Thick brick metal carpet:— 


Bri^ metal (1" to Iabe) 
H. V. Tar for brick metaJ 
Sand [dry, mediuoi coaraej. 
H.V, Tor for sand 


16 e.fl. for loo »q. ft. 
6 lbe.(cTt. of metat 
8 c-ft. for 100 aq. ft. 
6 Iha./oft. of Band. 


(Most of the above iafonnatlon ta baaed on the results 
of experlmenta carried oat os reported In Technical Papers 
Nos. 164, and 172 of the I.R.C.J 


12. USE OF ASPHAUTTC BITUMENS AND 
ROAD TARS 

Choln of Ifiterlal. Ihese blnden are manofactured ia 
many different gradee of oanmatency^ from very fluid that 
pour at atmoephedc temperatuiea to hard materiala. 
^e road engineeT is pireaentw with s somewhat bewilder* 
ing number of altemativca. The choice of a partictLlar 
type of Burfadng material is detcrmiDcd by economic as 
as by tedbucsl condderations. There are always 
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moTemenia in the itoad lurftce due to temper&tuie vnria.- 
tionfl and traffic forces; If the bruder hatdsnB through 
exposure to weather or for other reasous, It becomes brittle 
at low temperatureBj high streases are deTeloped when 
movements occur, aud the bond between adjacent stones 
can then bo easily destroyed. 

Hoad aorfaciiiga vary widely in their texture; in the 
more open-textured type the tar or bitumen acts aa an 
adhesive between stone and road or betn-een stone 
and Btoufi^ in the dense dose-textured type the tar or 
bitameu £^ts in combination with the fine B^rsgate as a 
plastic mortar^ These binders are nequb^ to re¬ 
main in a plastio oondition so that the Burfadng can ac¬ 
commodate itself without cracking to small movements 
induced in the road by temperature variatJuiiB, moisture 
changes and traffic. Binders must also be sufficiently via- 
cons aud nsUient posaessing shock absorbing qualitlea to 
resist the fortjea of traffic (impact)* Adhcskm and viscosity 
are thus the important physical properties of road tan and 
bitumens To reduce the effect of hardening, as soft a 
gTsdo of bitumen as practicable should be without 

danger of the eorfioe "pushing" or "waving"- 

Tar venos Bitumen 

Tar and biturueu are not suited to damp or water¬ 
logged areas as regards road ooustruetion works. Both 
road tar *nd hitumeu arc adversely affected by the action 
of weather, gcueralJy greater deterioration is produced 
in tar than in bitumen when exposed equally to weather 
actioUt and open textured are more liable to fail by dis¬ 
integration than close textured. Road tars are more 
susceptible to temperature changes than are bitumens 
and hot weather wiQ soften a tar surfacing more than a 
similar (of the same viscosity) stirfadng made with bitumen, 
and cousequentiy tars can be brought to a spmying condi¬ 
tion at lower temperatures than bitumens. Surface dressings 
made with bitmucu are more prone to failure by water 
displacement then thcee made with tar; tars generally 
adhere better than bitumens on wet aggregate. Bitumens 
fiuxed with tar oils have better adh^on than ibooe 
fluxed with petroleum oUl 
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Boad tart have higher spedfie griTity Ujwm Tie* 
ooaity or greatef iEhiidlity.^ AS oonipared with bitaP lena 
end theeB propcrttea gi^e them greeter peitetreting power 
ar id which ere more merked during EumniCTa- ^ 
Tieooeitiea can. generally bo ueed with tar then with lutu.'" 
men^ higher td&ooeitiee bdng used m wanner weatlwr» 
A primer U not geaer&Uj needed with tart The bitumena 
have a tendency to stay at or just near the aurieoe and the 
remit is a very rich and fat surfaoei When a priniBr ia 
used this tendency of the bitumens is lew marked and the 
nee of a primer ensnrea better penetration* Tar ts more 
BQxted for fmo-grained sm^soee and bitumen for 

more open or absorbent surfaces. The vnluine of tar 
required is about 10 per cent leas than that of bitumen for 
the same t 3 ?pe of road work. 

The tars ni* ke harder surfaces (but such Burucm are 
brittle) than bitumena and sbonid preferred for matta 
in areas where bnllotsk-cart or other hard-tyi^ traffic 
predominates. The bitumens make more d^tto surface 
and are better suited for pneumatie tyred traffic. Bitu¬ 
men is a very homogeueous Doaterial and its hardemng is 
very gradual. 

Bitumen amd tar can also be mixed together and used. 
An addition of ID to SO per cent, of bitumen in tar will 
increase the consistency of tar. 

Cold BmuMons have the advantage that they can be 
laid in cold and damp weather aithongh they are not al¬ 
ways successful if laid in wet weather* They are not ao 
sdicient, especia]]y under heavy traffiCt a* hot tar or bitu* 
men a nd should be used with dascretioiL They are not 
also cheap in real eost as half the volume is water* 

T«ti and Suitability of Blnden : (General Prepertiee) 

Penetration—Is a measure of hardness or consistency 
and therefore of pimary impurtanre as an indication of 
suitability for any particular construction or oondation. 
This test ia probably the most important of all testa ob 
bituMens. Penetration is measured by a s tandar d Penetro¬ 
meter* Penetration is the distanu measured in unite 
of 1/10 m m, that a stu^ard bhmt*pomt needlo wUl pene¬ 
trate a of asphalt at 77”F* whan the needle is loaded 
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with 100 jpuma applied for 6 seconds. 

The higher the penetration number the softer the 
bitumen. The lower the penetration, the higher will be 
the meltmg point and lower the ductilKy; in other words, 
the harder the bitumen the higher will be th e 
point, but the ductility will be leas, for the bitumen be* 
comes more brittle the harder it is. The harder the bito* 
men the quicker it sets; a soft bitumen takes oomparatiTely 
a longer time to set. 


Tbere^ is a large difference in the temperature of the bitu» 
which is at about 350^ F., anl that of aggregate 
whidi at atmospheric temperature is at about 90® to 100® 
^ when they are mixed. The ccmtact of the latter 
the former and reduces its temperature, hardening it, 
it is impossible to niix a hardened bitumen with any 
a^r^egate. Since it is not usually practicable to heat 
the aggregttte, therefore, a bitumen of such a consisteney 
is produced that would overcome this difficulty. Soft 
grade (slow setting) asphalto (120/160 or 180/200 pene- 
tration) can be added to hard grade asphalts (20/30 to 
M/100 penetraUon) to retard their setting which enables 
them to coat cold aggregate during pre-mixing, or when 
^inting is done u^er extreme cold weather conditiona. 
But, it is not possible to produce a correct blend at site 
by m i xin g them without the skill and the technical know- 
le^, therefore, the spedfio brands of bitumen (hard or 
soft gra^) should be ordered that would suH the type of 
the wwk and the climate. Naphtha (about 6 to 20 per 
permit coating of the cool aggregate 
with hot asphalt. Hydrated lime (0.6 to 1.0 Tct bent 
oftot^ ^weight added with the fine aggr^te in 

^ «*ting properties of the 
bmder and wfll also accelerate setting of the mix. 

BMtIng of Blndsn. Bitumens and tars should not be 
heatra to a temperature higher than that specified for the 
pertmular job. The material should not be poured on to 
^ ^ted surface of the boiler as it is liable to be burned. 
Heatup must be gradual. As the boiler becomee empty 
the shall be graduafly withdrawn or damped so m 

to avoid any noticeable increase in tonperature in the 
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BmaDn quintity that reznaiAS. Boileia murt t» flarefuBy 
cleantd «Teiy month, 

netting or SottEDlOg Pdnt. This determines the tem^ 
peratnre at vhich a grade of bitomen reaches a certain 
degree of Boftnesa or Hnidity. Asphalta have no definite 
melting point i.e,, there is no temperature at which they 
change abruptly from solids to hqnida^ Test is dons by the 
"ring and bah'' method. A sample of bitumen is melted and 
poured into a standard brass ring placed on a platfi. When 
the bitumen has coolfid, a standaidiied stoel ball is placed 
upon the bitumen and. the ring is suspended in a ^ter 
bath the tempeTSrture of which Is rajsw at the rate of 
9“ F. per minute. The temperature at which the bitomen 
aoitens suffictcntly to allow the ball to pam through the 
ring and touch the bottom of the bath which is 1 in. below 
the ring, is called the melting paint. 

Ftwb point La defined as the tomperatnre at which bitu¬ 
men giTiea off YoIatUe matter which can be ignited by the 
small head of a ,^s flame. 

SpeoUle Girntrlty. Petroleum. Asphalts have specific 
gravities of 1 to 1.02; Cut-backs have generallj 0.93 to 
0.98 and Emulsions about 1.0. In practice it is near enough 
to take 1 gallon to weigh 10 lbs. for all asphaltic materials 
made from petroleum asphalts. Tar too is about the 
same. 

Ductility—-It indicates the binding power and aoho- 
dvenns. Measures brittleness; if too low, the asphalt 
will crack. It is the property which permits the permanent 
distortion of a material without rupture. 

Vbcoslty-'ViBooaity of a liquid is the ^perty that 
retards flow so that the higher the visoosity the slowor 
IS the flow of the liquid. This test is used with tam sa a 
lest of oonioBtency in lieu of the "penetrationi** teat for 
a^halts. It is oirried out in a Viscometer. Materials 

Coal tar jjiit bittmora nnupcunds ihougii not conridfrod 
noTmaJlv u beconOfS so whm brsttii In dmoi.ii -citbAf 

drOB to ioeal boUiBg of tjM nuterial at tho pcUit of brating or do* 
to tho liberation oFmflainiDabie g a aM which oatoh Fire and caiuo an 
exploakto. Cara miwi» tbsiafara, be oaerciaBi! to aomro that hea t ia g 
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whidi are too viaoons to be tested in a Tueomatetr, aie tested 
by the flo caDed “Fbat Test"* 

The phyqcal properties of coal tar Bpoa which the 
mccess of the nuitena] as a binder in road snrfacrog 
depends are, its power to adhere to the stooea an d its tis- 
oosity. If adhesion is satisfactory the strgngth of the 
nqfacmg depends largely on the Tjsoomty* 

The h^CT the Tiseoeity the greater is the strength 
of the Surfacing up to a limit; when Tisooelty reaches some 
high TaJue it ultimately imparts brittleness to the snrfaD- 
iijg material. Hie viscosity of the tar ahould be selected 
according to the intensity of the tr&fnc on the road» and 
also the temperature in which the work is to be carried 
out; higher viacositiee being used in warmer weather* A 
more vidoo^ tar U apedfied for the more heavily trafficked 
roads to resist distortion under the intaniBe traffic sho nM 
he laid warm, or hot within a few hours of maniifacture* 
Where binders of relatively low viscosity are used the 
renting surfacing is initially soft and may be deformed 
if it receives traffUs immediately after being laid. The 
binder for the first dressing of a water^bonud macadam 
should be of a lower viscosity than that normally applied 
to tar macadam. Tar maf^dam (pre^znixed sur Facings) 
to be used cold requires tar of relatively low viacoeity in 
order tUt it may bo spread and rolled at the prevailing 
a^o^herio temperotures. Mixtures made with high 
viscosity tara remain for a ahortor time at a oonaisteDcy 
suitable for rolling* 

High viscosity binders are able to reelst tho action 
of water on aggregates better than low viscosity bbidere. 
Vi^i^ should bo sufficiently low to enable it to **wet" 
l»th the road and the chippiugs, but on the other hand 
It ahould bo flufficieutly h|^ to enable the tara to hold 
th^e !K<rureIy against the action of traffic in the early 

Me of the dressing. The viscosity of tar and cut-back 
^meM incte^ rapidly with lo,* rf oO content (by 
evaporation)* For this reason, caro must ha taken to 


is grsdua) oad spreui qw a wHo 
metvruJ 


“w*" if diiQ ta •olidU'ieatiwi 


*n=- h- £.T» 

wvD away from tbo cpau aotitw up holwi 
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AToid OTOT-beattng or unduly prokiDged heating of the 
Ur in open or psrtiBllyvopeii Teasela^ atherwiw eerious 
increase in high viscoeity tars may doonr. Bead f^une 
haTB oocacion^y been traced ia this canae. Theiefon, 
totally^nclofled boileia Bhonld be naed. 

Adhedon—The construction or maintenanoe of a road 
ia primanly a probleni of adbesiDD. Both Un and bita> 
mena adhere well to all atones normally need aa road ag¬ 
gregates, prorided they are dry and imt ondnly dusty, 
Mniatare ia the chief cause of atripping and awcJHngi. 
Some stones have greater anrfaoe affinity for water th^ 
for bitumen or tar, and when a eoated stone comes into 
oonUet with water tJiere h a tendenoy for the binder to 
be displaced from the enrfaca of the ateoe. In a road 
mixture containing fines saBceptible to expajudon when 
wet, stripping is accompanied by swelHng of the road 

mmaft, 

The binder in a freshly laid mrfaoe dreasiiig or snr^ 
facing la particularly nnsittve to the dia^aemg action of 
water; if prolonged rain falls before the binder has reached 
a sofficlently high Tiacoeity^ the adhesive joint may be 
broken and disintegratioQ eet in. Although iacinres of 
thu type are not fir^uent, bnt when they do ocetir there is 
DO remedial measure; a new sarfadog has to be laid. In 
this connection tar binders show better adheeian proper¬ 
ties than bitmnens; it ia, in fact, very rare for tar macadam 
to fall through water displacement of the binder. 

The properties of the aggre^te, efipedally its aurfacse 
texture, have an important bearing on adhesion. Smooth 
glassy surfaces, and both fine textured and coarscly-crys- 
talltne stones, generally give poor adhesion; the rongh- 
textured (tones genei^y give the best adhesion- There 
is an indication ^at low silics-content rocks have better 
resisteiiee to strippiDg than high fli'ica^conteat rocks of 
-dmilar texture. Limestones have good odhesiTe proper^ 
ties mtcept when crystalline^ 

From expeifmente cairied ont in India, the following 
results have been obtained for relative adhesivity of dif- 
feimt binders (with certain typee of stones) :— 

Bitumen—Better than Road Tars Nos. 3 and 3 A. 
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Road Tar No, 3—Foonr chan with, bitanum but better 
than road tar No. 3A. 

Road Tar No. 3A—Poorer than, all aboTO. 

Simple Test for Adhesion. Take a few samples of the 
dificront stones and ooat them with the binder heated to 
the specilled temperatiire^ Let the sample of the coated 
stones cool for about half-an-hour. Put the different 
samples In glass bottles and fill the bottka with clean water« 
The displacement of the binder is a^Keessed at intervala by 
viffual inspection, the area of the stone soHkoe exposed in 
each case Is the displacement. Usually a little fnrtber 
displaoement ocenre after two daja’ immersion in water. 



Ftopertfea el Hold Tin 

Comet Gnd* of Tu' for Snfiee Dreadnf Work - 

Shaliiw Tw No. 3 u morn flnid thin Tw No. 
3A «id ehottld bo «Md on dooM uid oompoot mrfua 

onder DormaJ oonditiens, 

^ ^ Tiscoos ffrade) where : 

ti) The bm IB of open taxture. or of brick or kankar 
water-bound macadaim 

liiT ^e agg^tes show a low afTmHy for binder. 

road IB subjected to fast and boavy traffia 
0 4 ■ objected to heavy rainfall.™ 

3 A a tact coats and pne^niixing of thin car- 

pot*. High Viaooaty T»i (H V T 1 I. r.^* j j , 
pSjniiUig. ) u ncommeiidod for 


(in) 

(w) 
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PtomtUm Of Hot, AniUeiltoa Kltsmiiu 


Fiona tntum 


a; 16 

If 40'’r ma¬ 
ting point.] 

£ 0^30 


3 <V 40 

eo /70 

80/100 

140 /SOO 


Buitobla for work 


Whon hard material of v^ry hi^ meUing pcicii.t k 
wt^niretL Laigoly OKd in paint manufacturaj r*- 
pairing leaky roo^ roofiiig fWlta, etc. 

Hard grade. When the uee of herd bitumen ia in^ 
dicated. Hoofing; pipe jointizig and coating of 
andjeigrovDd pipea; eknlcieal imulatione; 
proofing; expumon jointa in oemcat roeda 

Medium hard grade» Standard grade for gnmtiiig 
in oniform aize aggregate work; jinv- Tniitin^ but. 
fare painting—when a baavy appUcation u wn- 
•ider^ neceaeazy. 

Sometime* need in lim of penetration in very 

hot localitiea when a eiightly harder giadr t« re¬ 
quired. 

Standard grade few aarhkoe paintinga; pre-miaing; 
groating in graded aggregate deoae turfaoee and aeal 
ooeta. 

Very aoft grade. Foe light tnrkca dreaiuigi nr in 
very edd olimate*; pn-mixed carpet*. 


Trade Name 

Ifennfactarer 

AppUcalion 
Temperataro 
Degree* P. 

Feoetralioa at 
77®P./25^a 

Uexpbalba 

Burmeh-Shell 

uo.a7e 

20/30 to flO/100 

Sprmmex 


fw 

tBO/200 

Stanvao 

Paving 

Standard- 
Vactnxm On On. 

*W 

*0/40 to 100/120 

Hotfiv 

n 

McLeod A Go- 

850—*70 

*0/40 to SO/100 

40 


Lateat epaeiflcatioiu ehouJd be obtained from the maottraatontc 
ax they eometimae change tb* nomeneiatan ox apeeiSnatjona of 
their produota. 
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EmaUloai fCold Applleatlonji 


Trade Kbum 

MmLofscttirer 

SuitabLIlity for work 

ColM 

BttnixBb-Sbell 

For BorfBoo {lainting Bcd groatlng. 
Can bo med iftth dunp atcno. 
SiufBoo to bo domped with wator 
before Application. 

ColMmix 

H 

For pre-mixing caxpeta and ditto. 

Stanvaa 
Emulaion 
Ifa a 

Btandard 
VacqumOil Do. 

For Burfooo pAintiog. 

SstuJiioa 

No,C 

” i 

For pre^mixing CArpeta np to If" 
thiokceos,. adim-gTioiit, bou eoei^ 
wot weather patch repaizA. 

Colfix 

McLoad db Co. 

For Borface paintiog, pro-mixing, 
aeaj coat, lOpAiridg pothnlaa, oto^ 


^in«n 


Trade 

Namt 

i 

Uaiuifao- 

taiw 

' Application 
Tem. l>eg. F 

Suitability for wnrk 

Shell 

PricuiBr 

No. 1 

Bunnah* 

Shell 

1 100 

FmetratM leae than Shall 
^ Frimer No, £, May be 
oe^ ae a oomhioed 
primer and auriacing 

material for opon text¬ 
ured roads. 

SheU 

Frimer 

No.! 

ft 

lOOor nm 
warmed : 

For priming laCOrite. 

kankar, earth »*iT<flar 

typee of roada. 

Sooofzx 

Piimeir 

ent-bvh 

Standard 

Vaoutun 

onoo. 

Cold appli. 
oation 

For priming water, botmd 
roada or for water ptoof- 
iivg stib-nil wbun water- 
t^Ve ia high. 

Lupid 

Anhalt 

nSIT 



For (hut laying, kiw ooct 
painting, eto. 
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13* GBOUTCNG OK PENBTrRATION 

Ponring « binding matenAl m » liqaid wtat* on to a 
coneolidated atirfoce of foad m«tal eo that the binder 
penetrates the interstice* untU e^ery Ktone la cohered with 
the biiiderr is ceJfted grouting. This reinforceo the etruc- 
luxe of tne toad by bindii^ the slonea together and ptreogth- 
ens it to withatand heavy trafTic. Oif aU the uiethodK 
of road construction devised this ia the siinp!e*t since it does 
not require any special tpob and plant, nor ekiUed labour* 

Surface dressing provides only a thin vater-proof 
and shock absoTbing film of the binder to the surface of 
the road, but it does not reinforce the atroctuirfl of the road. 
The impact end shear forces act up by heavy bnEock- 
cartfl end siroilar traffic are often enfficient to dislocate 
the atmcture of a wster^botind macadam road. Surface 
djcssiug » capable of giving good service under medium 
traffic conditioua only* 

When tho binder is allowed to penetrate to the full 
depth of the consolidated stone layer, it is called FuU- 
Grout while, when it penetrates to only half the depth or 
it is knovm as Setul-Grout. In the fuD-grout, the 
con^lidated thicknets is generally about S', accor^g to 
traffic conditions. On most district rofids in India a 3' 
grounted thickness ia quite sufficient provided there ia at 
least 6' of metal (including soling) in the 

baeo. lo tbo semi-gront the consolidated metal thicilE- 
nesa usuaUv is about 2\ Semi'grout ia mid'Wny be¬ 
tween a fuil-grout and a surfaoeHjreaaing and can bo used 
on roads where the traffic ia not very heavy. An effort 
is made to cut down the amount of the binder and to 
reduce the interstkea between the stones which can be 
done by either :— 

(t) Hard rolling the metal, thus decreasing the inters; 
dce» between the atones; (tij using graded aggregate- 
(lit) blushing sand and grave! or stone duat into the in¬ 
terstices to fUl them about half way up, to prevent drainage 
of tbe binder; (m) where the old rond surface is scarifiw 
and new metal added, it is watered heavily while rolling 
so as to bring the "hqggin" about half way up the new 
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In tbia iraj thfl bottom of the metal wit] be 
finnlj bound by the hoggin whilst tbe top metal will be 
bound with the binder^ 

Both hot »^T>d cold hidderfi can be used for gmutidg. 
EnmlBians which are more flukl than hot binders pene¬ 
trate between the fooee of atones better, espedally in 
cold clinmtea. The performance of emul^na on the 
other hand is much affected by the weather inomediately 
after application ; rain, in faot^ may waah the emulsion 
away if it falls before the emnUion baa ^^broten”. 

For grouting with a viflooufl binder (hot asphalt or tar] 
and to enable the binder to penetrate easily, it is essential 
that the interstices between the stones should he fairly 
open. For this it is ncoeaaary to use stone of uniform 
size witbopt much percentage of smaller material which 
might ji^t into the interstJoes and block the easy flow of 
the binder although a graded stone surface^ la more dense 
«ik 1 more stable. For this reason the stone shotild be 
rolled only very lightly (with a 10 to 12-ton roller) just 
Bufficient to give an even surface confonniog to the te* 
quired camber and this rolling mnst not crash any metal 
and block the interstices; ordinarily* three or four tripe of 
the roller would be quite sufFicient, A Hmitod quantity 
of water may be sprinkled on during the rolling bat not 
so much as to bring up any slurry from the bottomn A layer 
of stone dust or sand is spread underneath the new mataJ. 
to avoid dmlnage of the binder below the metaj to be 
grouted. 

If the old water-bound macadam sarTace ia sound 
and it is proposed to grout it, the old surface should be 
J‘wept clean with wire brushes so os to remove aO blindage 
and dust, and expose the metal surface to a depth of about 

to 1' (This will not be a fnll-gront work)* If the ejdsL* 
ing Burfaoe is unsound, it should be scarified and me-metahed 
as explained under *'Be-metaIIing.” 

The surface of the road must bo perfectly Sty and clean 
of any dust before the appheatien of a hot btiuler* Bitu* 
luinoDS material heated to the opedfiod temperature ia 
uoffornily sprayed over the surface longitudinally along 
the road, which phonld preferably be done under pee^cre. 
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After the binder has been applied and while it is still hoi 
or, aa the spraying advances, small hard atone chippEngs 
ehoidd be spread on the surface of the road sa "blindage" 
to fih the surfacjo vcida between the large atones. A 
thorough rolling should he given ivith a 10-ton. roller 
Boon after blinding and when the asphalt ia still hot and 
before it has set, eo that the chips couM wedge into the 
interstices as firmly os possible. A drag broom behind 
the roller [or hand brooming) greatly inipmvea the finish. 
After consolidation the surface ahonld be tested with a 
straight edge for irrtgularitice, and depressions should be 
filled m by painting the anrface with hot binder and blind- 
with chippings, and high spota or projections removed 
by brushing. Traffic ia then allowed on the road about 
12 hours after final rolling. After an Interval of about 
10 days {sorae engineers prefer the next day, espectE^j 
when the weather is uncertain) the surface is swept elean 
and a seal coat provided if HBcessary and surface mded 
again. Three or four trips of the roOor will be sufficient- 
No seal or wearing coat need be given until necessary to 
prevent wearing down of the grouted crust to penetration 
of water. A s^ coat may not bo required if the blindage 
material contains a proportion of smaller gauge chips 
(r to Yh ^ 

It is very important with this type of surface to ace 
that too much binder is pot used aa the extra binder baa 
a tendency to work down towards the iddea making them 
very rich and thus liabie to form ruts under cart 
traffic and corrugaiions under motor traffic The sur¬ 
face wiE also ‘'bleed,” Too much binder also rtjsult* 
in a shppery suiface. 


Grouting with Emulsions 

Sinre emulsions can penetrate through small inters ticea 
aa has b^n said before, advantage la taken of this quality 
Md graded aggr^ate ia oon^lidated to a eonaiderabla 
degree before the application of emulsion, instead of 
uniform aggregate and very httlo consolidation as with hot 
bmd™. M emnkioiui are not suitable for heavy traffio 
coi^rtionfl they ate used only for Ught traffic roads and for 
which a 2 grouted thickiwaa is conaideied sufficient 
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Where, however, hot asphalt application is not practicable 
on a heavy traffic road, a greater thickness of gn^led metal 
should be made. In the case of cold emulsions the compac¬ 
ted surface of the road should be damped with water to aid 
penetration before the application of the binder. After 
the emulsion has been sprayed and before it ‘‘breaks”, 
small hard stone chips should be spread evenly over the 
surface and lightly rolled to force the chippings into the 
road surface. A seal coat may be applied over this sur¬ 
face if necessary. 

Two coats of heavy type surface-dressing can be given 
instead of the grouting method mentioned abov’e, which 
will stand heavy cart traffic. Details about this will bo 
found under “Surface Dressing”. 

Wlien only half width of the road is to be done at a 
time, the opposite half width which is in use by the traffic, 
should also be swept clean of dust in the same manner as 
the half portion which is being grouted, and kept watered 
while the work on the first half width is in progress, so that 
the dust is not carried over to the new work. The pouring 
of the binder shall be done parallel to the length of the 
road and shall begin at the crown and work towards to 
the outer edge. A six-inch strip along the crown should 
be left dry when the first half width is done so as to obtain 
a proper bond with the second half width, by repicking 
that when the second half width is taken in hand. 

A grouted surface is considered generally less reliable 
than one made with pre-mixed materia] with graded 
aggregate. 

Ssml-froot Work 


Chips for Blinding j Hot Bindois Emnlsioos 

rnominslauo I 45 to lbs. (or more) 85 lbs. 

5 to 6 e. ft. (leaser 1 80/100 penenition (apresd 
qosnUty for emu]sioos)( at 55 to 60 lbs. per inch 

. depth of penetration deaired) | 

A ssal ooat where necessary may be given of f' nozninsl sire 
chips or oosrae sand. 


(i) Lesser quantity of bitumen is required with harder 
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(,•,•) Hard .ggreg*t« require more of binder thM 

bUndrur ehonM ire cWn 

of tarf 1^ toogb qnJity. Grerel » not «..Uble for 
pouting work. pRE-SnXISG 

„en^: rTti^' 

reS: or^^StU'on 
T^-rutTbe'^o-rnr^ 

oortly mixers which are nooessa^ for 
.Od the outp^ of the enth^ .ng 

=j* 7- 

isst !b."«"?s». ..r*.-id. 

Only iurt eomoient binder should be ^ 
binto ^ only act as . lubricant instep of a b^t 
aT«<3aco the atones to slide one on the other fuoduo^ 

SS^fa^^Jface. But e»>h particle must bo^ro^Wy 

mated all over in addition to the binder absorbed by 
^ Gr^ negate should be used » «i to produce 
rdenae surface, when consolidated. The denser 
the greater is the surface area of *bo 
it ai5!therefore. a greater quMtity ‘1“ 
tdi coat it Sand U uaed with the graded aggr^teto 
SakTihe s^ more dense. Where bi ^ 
u3oire« a seal (^t to make the surface water proof. 

under “Bituminous Concrete. ) _a, *.« 

' ESTot £««b Supports to give Uteral support to 
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of the grooves to be the eiact fmal road iridth desirod. 
BnckMjD^^ edging is provided in these grooves with the 
top ol the edging projecting above the eiiating road (or 
BOiingJ stud^ eqnal to the proposed oonBoIidated thick, 
of the carpet to he laid. Whore carpets of amaJ] 
^ to bo laid, the grooves may be lined with 
bn^ laid and length-ways. Whore the edging bricks 
need support, metal <a sbio^e with abo^ 50 per 
^ raining on^de tho edging for a widTh 

d? ^ removed, the groovee 

sboold be fiJItd with pre-miied metal and hand 

Soppirte ^ bo made of stone sets, «ment ooncreto 
'The bri^ at the edges of the road 
^ should be pamted with hot bitumen before 
mis IS laid by the eidro. 

Tho tnsc^am should be laid as soon as posaiblo after 
mining m rold weather and lollmg started Goon after a 

^ot weather tar macadam mav 
be «po6ed to an- for a period not eioeeing 2 days with 
^ maeodam which hao boc^ «t ^ouJeJ 

the doored depth making a 20 per cent aEowanro 
to “ wnsolidated with a 10 

^ L “y of 4 tons, so as to p4vent sbov^™ 

rol^V the hJnZ 

roller^ The ^ge hue and thickness iro^ked by wooden 

™ tme to grade a^ leveia 

or with edge supports described above« * 

^ ^ pree™ the surface of the road 
Aould be checked for con«t leveb surface 

r of mo„ ,b™ i.S 

“oSd^wrrefS d^««iora or bump, in tb, lurfk* 

” 5**^™ ,t>y concentrated rolling and bv the 
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kept moistened to prevent them from picKing ap the coated 
ZQ&tetiaJ. Immediatdy after EmOBolidation enfficiimt 
dry dean chippingB am bruahed over the surface to fiU all 
the surface luteratices, and well rolled with a light roUeT, 
On dense nuxea if a coatibg of either cement or stone 
dust is swept over the Eor&oe jest bcloic the final loUing, 
it will seal the andace and add to the fmiihed appearance 
of the work. Or alternatively, a light seal coat ^80/100 
penctratioii asphalt nwing Igall. 3 eq.yde* blinded with coarao 
sand may be given where heavy traffic is not expected» 
Ghippings mentioned above need not be then spread. 

Keep all traffic off the road for 24 honrs^ and bollock 
carta for 10 days. After IQ days all looae cbippings should 
be bmahed off and HOriaDe prepared to receive a seal coat 
over it* ’VtTieBl marks appearing should be removed by 
spreading bliiuding over them for at least 14 days. The 
period between consolidation and seal coat should, not be 
more than one month. 

Koiinded aggregate make the surface smooth and 
slippery, especially daring rains. Thereforo, graded angu^ 
lar aggregates* mixed with sufficient of smslleT size* to 
prodneo a dense and water-proof surface, should be used 
in rainy regions. Fine sand also makes the surface slippery. 
Gravel is not suitable for premix worh. 

Joints In Bitumen Beads* At shut downs and end of 
day's workji tranaveme joints are formed by mlling over 
ed^ and then cutting back a vertical joint at full depth* 
For joining the new' work with the old work* cut back 
tbs end portion of the old work by 2 to 3^ ft. at 45-deg* to 
tbs Bectioii of the road up to the bottom. Paint the cut 
surface with hot hinder and put on the new Trciv- Ram tbs 
joint with hot iron rammers. 

Mixing. Premixing shonid be done in a power rotary mixer 
where available. For hand mixing a bajrel mixer can be 
made ef sheet iron* of size that of a tar drum in which 3 
blaocfl am welded inside of the aihapo somewhat like a 
screw and a removable lid is provided on tbo circumferenw 
tia] surface* This drum is supportod on a stand about 
4 ft. high and a handle is fixed on ono end of the drum for 
mixing* Mixing for accall jobs can be done iu the odginal 
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tar dnims of which a portion of the side is out out and long 
bamboo sticks are fix^ on both the ends to work as hand¬ 
les. If premixing is done in barrels made of tar drums, 
one such barrel can be used for mixing about 60 to 80 
c.ft. of metal per day. Mixing can luso be done with 
shovels or spades on a sheet iron platform. Bajri is best 
premixed by shovels. 

Much bigger outputs and better coating of the metal 
is obtained in hot weather and when the stone metal has 
been exposed to the sun. (See also “Mixing” under 
*‘(3arpete”). 

For pre-mixing with emulsions to metal is used 
whi^ is coated by filling into perforated backets which 
are then dipped into tanks containir^ emulsion. The mix¬ 
ture should be spread on the road and let to remain for 
24 hours before rolling to let the water content of the 
emulsion evaporate. 

CARPETS 


(•) A term applied to the wearing surface or top 
course of a bitutninous or tar surface laid in two or 
more coats. iRefers to Surface Dressing.) 

(••) Fre-mixed materials laid over road surface is 
also termed carpet. The following descriptions relate to 
this term —o t' 


Paving —Paving may be said to comprise the wearing 
base course. Suihgrade^The sub-grade is the foun¬ 
dation for the paving. Base Cottrse —^The base course is 
a prepared material of hardcore whose function is to act 
w a distribution layer. Wearing Course —Protective 

l^er laid a base course or on any paving, which is app- 
■cd to withswd the abrasive effect of traffic, usuallv provid- 
mg a non-skid surface. A wearing course is with sma- 
Uer amp'^ate than used for the base course. Its composition 
and thicknem will depend largely upon trafTio conditions. 

Ca^ts are laid either in a single course, called “thin 
carets , and from I in. to ins. thick, or are laid in 
dOTble courses up to a thickness of 5 ins. The oost of a 
I im c^t 18 only slightly, if at aD. above that of a two- 
coat surface dresi^ and the surface becomes more stable 
as excess of the binder which results in bleeding and oor- 
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rogations in two-coat stirface diwsing is avoided. 
pneumatic tyred traffic is of medium intensity but ^rd- 
tvred (buUock-cart) traffic is fairly heavy, light 
dwasings wear out rapidly. In such cases it is preferable to 
have a premixed carpet. Thin carpets are particularly use¬ 
ful in restoring good riding qualities of a bad road to a con- 
siderable extent although a thin carpet will foUow any 
unevenness that may exist on the old surface. 

All depressions exceeding one-thiM the proposed 
finished thickness should be patched in advance. 

Tack Coat 

It is essential to give a tack coat over the old ro^ surfaw 
if it is smooth or of cement concrete, before laying a thin 
carpet of say, 1 -in. thickness or under, to insure a proper 
bond. The tack coat should be applied just ahe^ of 
and keeping pace with spreading of the pre-mix. A t^k 
coat may be of bitumen, tar or emulsion, the quantity 
depending on the texture of the surface and viscosity of the 
binder. Generally 15 to 30 lbs. per 100 sq. ft. is sufficient. 
The leaser quantity is required on smooth surfaces and 
under light sand carpete while more is needed under carets 
of stone aggregate and on open-texture surfaow. 15 ^. 
will be sufficient over existing surfaced portions and 
25 lbs. over water-bound macadams. TTie surface of the 
road should be thoroughly cleaned before 
tack coat. The clean^ surface of the road should be 
moistened with water before the application of an emulsion 
tack coat to help it penetrate into the surface to some 
extent and also help to lay the dust. When the surfaw 
consists of moorum, kankar or similar material, it is ad¬ 
visable to give the surface a priming coat. If. however, 
the surface is good water-bound macaxlam, a bond c^ M 
ensured by brushing the surface and making it slightly 
rough so that the ca^t may bond into the interstices, 
but in that case a priming coat is essential. 

A tfl cV coat must not be applied over a surface wmen 
is rich in binder from accumulation of surface dreasinp 
aa it will very likely find its way through the carpet and 
speia the surface. WTiere a tack coat is considered neces¬ 
sity it must be applied thinly and uniformly. 
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Priming Coat 

A M*t of pKiiier IB neeeewuy over dusty, pomns or 
Boftro^ Wore applying bitmnea to a bitume^mTnot 

A coat^f “Glossary of Tanas") 

require with tar. Tack 
coat ^ together. A priming 

SJ^i'bn^to t material 

pruner «h.„M be uead wi”Z" ri 

A pmuing <stot is ncoeasary on the followina tvoes of 

* p™”"*^ '"p*‘ “ '-S diSeg 

(fl) A TFst^r’-ixjund ZQacad.Bm suHWba urif-L j 

biin^rZ^^ jtL. ^ 

™ JiLiP ’ 5™^’ *“™* ■'“"I'y nay rafichanieii. 

interlMk pnmiflg ^ “7 mBehsmea. 

[cj VVhere the bitiumbiouA wftannn '^ i 

leid waUir-bouzel B««lamZ 

wme roasouB, & pnnune coat with 

pteeerye the .uriJ« fo/aZoO™ 

the applieetiOD of » niiZIe 

lb checking the rise of stib-^U wL, A effwUvo 

primer applied to the sub^gradi befoM 
Btone metal gives the bast n»u{U^ 

The medium and close toituied f™ a ^ 

r to 2- thick arc laid a. <™glo l«“T**? 

on existing roads which « weBjing Miiiacs) 

rotoonably good shape bnt in need of sound and of 

Thict caiStTarc f ™>™i„g aur&ce. 

total thidmesa of So conZ ZZ clT? 

to 5' according to the ^ 

road bod. Tb. top cooiae c«, b. *' tT^r^'tSi^. tot 
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it is generally k^pt about i" tbie^k and made as a seal 
cfiat^ The essential prmqijJe of two-cfguise paving is 
that the base eouTse acts as a stable but fleTible structoie 
designed to absorb the Btresses imposed by traffic. By 
reason of its comparatively flexible nature it is capable 
of oonfonnmg to a aoiaew^t varying contour in the mad 
bed and will take up reasonable movement occurring in 
the sub-grade. The function of the top course la primarily 
to waterproof the pavement and to provide a better run¬ 
ning snrlace. Two-oourtfe pavement is preferable when 
weaker fonndationa are experienced; the support value 
of the base largely govenut the Tninimum thickness required. 

When a single course is the material contains 

the large size aggregate of the base course, but fine aggre¬ 
gate is incorporated so as to produce a closer textured 
material to act as & wearing surface. Although this method 
is chosen generally for spe^ of conatruetioii and low initial 
cost it is more dbOficult to attain an even running aurface 
and a unif orm texture with ningle-cou-rw than with two- 
course work. The moorpoiatjon of fine aggregate increases 
the durability of surfacing by closing its texture, 

“For the base course, the largest suse of stone sHaTI ap* 
proximate to, but nut exceed^ three-quartern of the fiokl 
thicknesa of the consolidated course for asphalt carpets and 
two-thirds of the consolidated thickness for tar carpets. 
The proportion of such size shall be not Ices than 40 per 
cent, nor uium than 60 per cent, of the total atone 
content. For the wearing course or top oonree, the largest 
Euze of stone shall be not more than, one-half nor leea than 
oue-third of the final thickness of the consolidated coum 
and the proportion of such sive shall be not leas than 40 
per cent, nor more than 60 per cent, of the total stone con¬ 
tent." (British Standard Specifications, J large etze 
stones contribute markedly to stability. 

The nature of the aggregate aa well aa its grading 
affecta tho quality of the carpet. Crushed rocks are pre¬ 
ferable to gravel aggregate and to ensure good reoulta 
with gravel it is necesaaiy to use a greater proportion of 
fine aggregate which ebo^d not be leas th&n 30 to 36 per 
cent, po gwi ng sieve. A dense carpet con also be made 
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Tritli loT]^ size stczie aggregate and 50 per «nt aand 
(2:1) which will stand heavj' cart traffic, 'ftiia is sometiiiica 
called BUumiTtovf or Ai^ailk Concrete. Pme sand pKN 
duces u slippery surface, therefore co&ree Band should be 
1^. Stability of bituminous mixtarea incrKifleg aa den¬ 
sity of the miiture increftees ance intergraiu friction is 
greater when particiefl are forced into closer projumity. 

Carpets with tar are made cloee toitured type by 
adding a suhrtantial amount of fine partielee (sand) with 
the stone because tar cannot stand much of weathering as 
explained earlier. Cut-backs and emulsloiia are not 
generally used for carpeta more than 1' or IJ' thick. 


FfUer 


Graded aggregate should be uwd where avadable 
wrth Buffieient quantity of aand to form a dense surfiioe, 
mere no fine sand has been used a small quantity of 
either fme sand or stone <bist should be added rJiA miT 



Grading of Filter 

Percentage by weight 



min. max 

100 — 



98 100 

So loo 
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the greater is the amomit of bmder required. The denecr 
the mil, the greater £a the surface area of the aggi^atee 
coinpotdng it end, therefore, a greater quantity of binder 
is required to coat it. locreaae of sand coutent also needs 
more binder. 

Tar: 4 lbs, per c.ft. for stone metal of aizea l-in. and 
above fhigh viscosity tar), 

5 Iba. per c. ft. for stone metal of akea I-in, and above 
(tar No. 3A), . 

7 lbs. per c.ft, for aand (high viscosity tar). ' 

BitumtK : 


metal 

r-r p. 


r-i' 

Sand t 


JP 


Passing 10 meah 
retained on 40 
Pi&sBiiig 40 mesh 
retained on BO „ 
Psaaing SO meeh 
retained on 200 „ 
Paasing 200 meah 


2^ Itas./c.ft. 

„ 

3-3* „ 
3*-^ „ 


Hot Bitumens 
30/40 penetration 


Chit-backa 

Emuhnone 


I 4—0 )ba./c.ft 

I —3 tt 


Cut'backs and eimik 
aions will be propor* 
ticnateiy more* 


10—15 


: 


Mhdng. Uae drum mixers or concrete mixem, Firat 
mix the atone with apprtpximately two-tbiids of the total 
quantity of binder required for the whole batch. Add aand 
and finally the balance of binder. Stone aggregate and 
!3and should not be mixed together with binder. If mixed 
tc^ether it will usuaUj be found that the larger stonea 
will not be well coated aa the fine aggregate absorbs moat 
of the binder. With agg^ate containing more 
about 10 per cent of material passing a * inch meah sieve 
it ia advisable to acreen out the fine material before mixing; 
the fine material may then be added aJFter the larger stonea 
have been coated, A mixer with a v'gotoua aetion ig 
essential for wet aggregate miiea, A double^paddie 
type has been found roost suitable, (See ahso ‘'lUixinjr^* 
under "Pre-m>xing** page 18/75). 
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CoasoDdadoo. Wbera an emulsioit or cat-back has 
bwn for a pre^miiad carpet, the pre-mix ahould b* 

left to dry ont aftor mixing for 2 to 3 honra. When the 
^tod aggregate has dried out sufficieotly to aDov of its 
being handled withoot stripping, it should be laid on the 
road and left uooonsolidatad for abort 24 hours or mo™ 
for the mohftore to d^ out thoroughly+ 

With hot binders, roDing of the carpet ahonld be 
oo^on^ M soon as about 50 ft, of the pre-mix has been 
laid, and when the bitumen is still hot, Cbated ehipa 
are spread o^ the surface by means of takes and templates 
and TOTTObdatioa carried oat with a 6 to S-ton power 
roDer, Tm much rolling of coated chips La injurioua, 
EoDmg shoold at the edges and ptogress to¬ 

wards he centre Tramc may be allowed 24 hours aftor 
completion of ro^ng, ^Fill in dencionoiee with pre-imsed 

® course and top ooume 

flhonld be rolled separately. Base oooree if well laid can 
be allow^ to carry traffic for sometbne so as to become 
compacted pnor to recdring the wearing cottfse. The 
MUing on the ^ wurse need not be so^tous as on the 
top course so that the top course may join wefl with the 
base course when mitj over it, 

tmrwr ^ 1 ^^ o should bo lightly dnetod 

^ oonsob^tioii and before tfamc is allowed 
wha grading not eigee^ y to dost, or 
9 ^ ft ^ inn ^ hooms, atthe ™ta of about 

^ be dry or ctXi 

sucb^ting it is 

^y ^hle to roU the surface lightly befoiw^ning 
Thin Carpets 

'“'‘‘not -rf * liSi 

of .tone diul m -'-k^ 

tho no.1 ^ to giv» f ™ ^ 
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Open textured carpeU may have a high proportion 
of }' er 4' aggregate with, about S to 30 per cent of fine 
aggregate. Medium textured may have graded sggre« 
gate from or j'doivn, and fine textured carpets down 
aggregate or »and. 

If after preliminary compaetion (Hght rolling), pre- 
ooated chipping^ of size 4* to are aprinklad over before 
the mixture has set,, and embedded into the aand carpet 
by rolling light, wheeled or heavy traffic can be allowed 
over it, 

A atone filled aaiid carpet in which the aggregate is 
ooinpo!?ed of material smaller than 4' with a substantial 
percentage of sand between 10 and 300 mesh (B,S. sieve)^ 
laid about 1' thick, gives a very smooth surface. Inert 
filler (limestone dust) or fine amid passing 200 mash slevo 
ehould ho added to the mixture. Traffic to be allowed 
24 hours after laying. 

Such earpets are useful for surfacing of Tennis courts. 
Garden paths, Driven, Railway pt'&tforms, etc. These 
mixtures can also be laid on doubtful and soft surfaces in 
preference to surface dreading. Open textured carpets 
are not as a rule sufficiently durable, 

A cheap carpet suitable for footpaths etc., can he 
constructed os follows — 

The sub-grade to be of gravel brickbats or kankar, 
well conseMdated and camber^, hard stone chippings, 
7 0 , fit. per 100 sq. ft, fora J' thickness are uniformly spread 
over the surface, well watered and consolidate with 
a light roller to pr^ the chipping4 into the existing 
surface. Dry coarse Wnd is sprinkl^ over the chippings 
at the rate of about ijo.ft, per 100 sq, ft. Gold eniiilalon 
Is applied over the surtace at 40 Ibs.^IQO sq. ft. after the 
iurface has been montenod with water, Goarss sand ie 
then spread at the rate of 2 e. ft./100 eq. ft. over the 
emulsion after it '‘breaks". Surface to be rolled ogaiiL, 
A light Seal coat with emulsion can be given over this anrHi 
face after about a fortnight, if necessary. 

Sand carpets should nob be laid on grades steeper 
than 1 in 30 aa it is apt to become slippery la hot sua or 
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with cxo«9 of binder or when wet* Any mixtnro eon^ 
taimng a high percentage of fines becomes anatable with 
only a small eicsese of binder. If pre-coated clippings 
of size to f' are sprinhled over a fine sand carpet before 
the mixture has wt, detailed before, it will remedy alip^ 
penness. 

Tabu of QuaniuUi of MaUrial Bequired per 100 tQ* p. 

TABLE I——Open Textured Carpets 


CatualidAt«d ttu^knoii of carpet 


•sgn^te 

faomkcal} 

> 


2f' 

i' 

4' 

1' 

r 

C.fte 

Cnft. 

o.ft. 

a.(t. 

eJL 

D.A. 


* 


-• 


* 

1 

w 

* 

* 

r 

20 

— - 


1 ^ 


1 




ir 

— 

23 

u 

' 1& 







— 

a 


7 

IS 

IS 




1' 

i" 

— 


— 



A 

11 

6 


1' 

li 

— 1 


— 

7 

— : 

sf 

4 


Filter—H m. 

120 

120 

loo 

too 

00 

fiO 

u 

40 

30 


IZO , 

100 

EA 

J?l 

BO 

06 

06 

46 

36 

TbjwIIm, 

U5 

1 

]$5 

120 

105 

LOO 

06 

ao 

60 

46 




If ^.Twcks or naoJiiiom ore noed. u. 

ooi»put«l<u>pT«,e«l.er tmder ••Roqnm^eatofBiX^ 

Notes On Tables : 

brfore under “Srlection of Stone MetaJ “ tabnieted 
(ii) Tbe qoantitiee pven «re onlv einiroiia..t. r™ 
»hnt.t.np pntpow. (whieh 1, feet. *t/ve™ ™™We end 

added to the ogpesete and 2i% to the binder for wa^g^ 
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TABLE H—Deose Cupotfl for Singte-Course Work 


CaiwoU<lk(«d tlkicknefs of carpet 


Mggptfpie 

(nmninil) 

** 


2' 

1*' 

1* 

i' 

r 

a. ft. 

c.fi 

cJt. 

o.n. 

o.it. 


e.ft. 

r 

I' 

1' 

Sand — 0.1^ 

18 

S' 

28 

13 

ft 

20 

— 

11 

ft 

18 

ft 

4 

12 

7 

3 


7i 

8 

3 

H 

8a 

Ca 

nd 

rpeti 

12 

U 


10 

7* 

ft 

0 

ft 

ft 

H 

J 

2 

3 


4* 

Bltnmozi-Iba. 

158 

180 

130 

150 

110 

116 

SO 

S5 

ftO 

85 

« 

45 

45'50 

35 

Tae-^JU. 

ISO 

105 

150 

155 

120 

125 

so 

S5 

70 

TO 

45 

50 

62*4^ 

30 


(iti) The quantities for aggregate are for the etonea be¬ 
fore premixing, ooated chips wDt mcreBse slightly in h nllf 

(t>) Stone duet has been considered for the filler in 
Table J. For Table H, filler may be added where necea- 
tory, 

(v) If an emnUion is need the quantity frjU be about 
double that of bitumen^ 

(ti) The sand should be medium coarse sand as per 
sixe given in the table mentioned in (t) above. 

The aggregate should not contain more than 
15% by weight of material passing a 2CK) mesh sieve. 

Excess of void filling material (sand) should not 
be used as that wiU tend to separate the stones and prevent 
their Interloclring. 1 part of eand to 2 of stone will give 
a dense mixturie and for lean mixtures the proportion can 
be increased np to 1 part of sand to 4 of atone. 

^ (ix) For dense oarpete no top coat is required except 
MusUng" (with stone dust or cement) after rolling. 
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Sul Colt pu lOD sq, ft. of snrfHoe 


Topping DOorM 


Seal ooAt of B&nd 


Stone I' (nominal bixb) S o Jt. \ (iToajtse sand to 3 o.ft. 
Binder 30 lbs. Hot bindnT 18 Iba, 


or 

Chit-back SO Iba. 
Pro-coated sand can also 
bo used* 


If pro - coated chips am tued^ 
the quantity wilt bo about 

6 oit. siauB. 

For lighter applications the quantities of chi pa and 
binder' may be loduoed by abont 20%^ For seal ooats 
with oold cinulsioas^ see under “Grouting^* Add for wastage. 

GndlDg of Cune Agpagate : (Additional to already glTon 
in the earlier tables) 

Base course of pi^mixed csupets : 

U' to l'CexBct?70% ) Top coat 

i-toriaiM ]30%Ji*tor 


rtoi' 75% 
i' to 10 muh a0% 
passing 10 mesh 6% 


1' Steve 
J' sieve 
tOmeah 
200 mosb 


100 % 

50-70% 

35-00% 

7-14% 


I 

35% L For dense carnets 
30% 11^- to 2\' thick 


I'tol' t. 35%1 Fordenw 

I'tol' ,, 30% I thin 

I'to*' „ 30% f carpets 

FiLler-atonedust 5%' 

U'tol' ,, 30%1 

I'toi' 

rtor 

Filler-stone dust 5% 

Grading of Ptno AggregaW for Bitaminous Pavings: 

^ generally considered as the 
dividing Una between coarse and fine aggregate for mad 
metal. The sand recommended is ^nerallT modiuni 
coarse grad^ sand with all passing No. 7 msh sev* and 
not more than 3 per cent passing a 200 mesh sieve For 
we^-coiirse mixtures, a si» up to *' is sometimes speci¬ 
fied with about 20 to 30 percent passing the 10 mesh si^. 

B.S, sieve size 7.mesh 25-iiie9h 72-mesh 200.me3h 

Percentage by 

weight paa^ng lOQ 75—98 15-^ 0—3 
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Fins s&od is more suitable for heavy traillc aa lai^ 
grains are more readily oruahed than fine and resis banes 
to dispiaoement of binder ia aJao iocreasod for increase 
in area of contact betvreen mdividual partidcs. With 
light traffic prt>portion of coarws grains ^an be increased 
with advanta^. However, the quantity of fins sand 
should Drot be in excess of the percentage mentioned above. 
{See also under ‘^Filler,”) 

The sand ahall consist of hard non-absorbent, but not 
necessarily sharp grains. Grains of very rounded shape 
such as some wind-blown deposits or highly polish^ 
g^ins should be avoided as geucraliy good adhesion is 
difficult to achieve with these conditions- Impurities of 
any type, clay^ loam or such fines as iron oxides^ and or- 
^nio mattor in any form in sand are undesirable^ Mica 
in excess is also harmful. Crushed limestone should not 
be used, 

Pst Test for Sheet Asphalt or dense carpets—Select small 
sample of hot mix and place it atonee upon a sheet of 
unglazed manilla paper, neatiug upon a flat boanl Fold 
the paper over the sample and press heavily with the flat 
of a wood paddle. Strike the paper a sharp blow with 
the pa^le, open the paper and remove the sample. If 
the stain is medium dark, bitumen eontetit is about right. 
If it is very dark or sloppy, bitumen is excessive. If it is 
light and drj'* bitumen is insufficient. If only the im¬ 
print of single sand grains appear, the amount of filler is 
deficient. If the space between sand grams is filled in, 
aggregate grading « good. 

15, SDHFACE BRBSSfNG OR SURFACE PAINTING 

Painting or eprayii^ a road surface with a thin film 
of binding material (tar, bitumen etc.*) in a Liquid state 
and miba^nently applying over it sand or fine stone is 
called surfaoo dressing. 

A water-bound macadam surfaee though slowly erushed 
under solid tyres (cart wheels} does not diainte^te hut 
the fast moviBg motor traffic rocks the metal pieces and 
sucks out the fine blindage and loosens up the surface 
which grsdnally extends downwards. Suttee dresmng 
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providrs a thin coshion between the wheels of traffic and 
the road metal thereby protecting the road metal to a 
large extent from disintegration commencing from the 
surface. It is therefore suitable for roads on which the 
traffic is mostly of robber tyres. 

Surface dressing is not a cure for a defective water- 
bound macadam surface. If the water-bound macadam 
is not properly consolidated, it will ravel and rut; if the 
metal is soft, it will crush under the bullock-cart traffic; 
if the water-bound macadam surface is uneven and rough 
before surface dressing is done, it will remain uneven and 
rough after surface dressing. Surface dressing does not 
improve the ri^g qualities of a road but will reproduce 
the irregularities of the old surface (except for a 
short period). It only retards disint^ration of the surface 
and does away with the dust nuisance of a water«bound 
macadam surface. 


Surface dressing may be applied in one or more coats, 
according to the traffic conditions and condition of the 
road surface, with a hot or cold binder and may be done 
on a water-bound maca dam surface, stabilized gravel 
or soil sUbilized roads. (A primer is necessary on dusty 
and water-bound m ac a d a m roads before the application 
of bitumen as bitumen will not adhere to a dusty surface). 
Ordinarily single coat heavy dressing wiU meet all average 
conditions, but where the existing road surface has be¬ 
come uneven, wavy or has otherwise lost its shape and 
mmor pot holes have developed, a carpet will be more 
suitable. A carpet will produce a non-skid surface and 
there will be no bleeding or corrugations which often 
foUow two-coat work not done very carefully. SmaU size 
stone chips and coarse sand according to the thickness of 
^e carpet, as already explained can be used. For speci¬ 
fications see under "Thin Carpets." This method is o^- 
monly adopt4rf m England for surface dressing and re- 
MW.1 CO.U. but it n..y not be genermUy pn^ticble in 
In^ for WMt of neceasary equipment at all the placse 
nee^g repairs. Severd coats of paint at comparatively 
short intervaU or repamtmg before there had been any 
appreciable reduction in the thickness of the existing coat 


BOaDS & HIOKWjkYS 18/SO 

or oofits by the actioa of traffic^K should be aroided^ 
Patch Ropala 

If the surface is not so bad as to warraiit ro-seotiouiog^ 
it abouM be patch repaired a vreek or tiifo before the surface 
dressing is to be etar^, aq.d left open to traffic^ Potholes 
abould Ikj cut oa nearly square or reetangalar as poaeible, 
and scarified to a depth of IJ' to 2^', the sides being out 
verti<^ and all loose material cleaned oat. The bottom 
and fiidffi of the trench should then bo painted with hot tar 
or bitumen and filled with pre-coated metal, the size of 
the metal depending upon the depth of the potholes. T^ie 
metal should be rammed in layers of I'at a time (the hand 
rammer being dipped in water from time to time so that 
the coat^ metal may not stick to it,) The fimshod f illing 
should ^e “proud*' on the aurfooe by about to allow 
for Hub^quent settlement under traffic. After repairs to 
a patch the aiirface should be lightly dusted with ftajiri 
before qwning it to traffic bo that the coated material may 
oot be picked up by wheels. Gauge of the patching metal 
should never etce^ 

Where the hoiloa's are slight (up to 1' depth)^ the 
best^ and quickest method is to brush the spot clean, &n 
it with a gunny bag to remove the dust and apply a small 
quantity of cold emulsion or hot tar brushing it evenly 
Over the area and then oovering it with small chips and 
ramming with a hand rammer^ 

Quantities of Metal Sequlred for Patch work 

For estimating purposes the fodowing quantities of 
metal may be taken for patch repairs *n.nually. per mile 
of road length, 12 ft, width of metal:— 

Light trsflio ., ., 700 to &00 c. ft. 

Medium traffic *, .. 1000 to 1500 c, ft. 

Heavy traffic . * ., 2000 to 4000 c, ft. 

For portions on gradients, add about 25 per oent extra, 

Preparatlcn of the Road Surfsee 

If a newly-inelalled road has been well shaped and 
rolled smooth, it is advisable to allow traffic on It for a year 
before surfacing. During that period the crust whl have 
become firm and consolidated and the soft material on 
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the top wilJ hive diaappeiircij to a great e a tent. Some 
departmeiitiil HpedfieatioiiB preecrilw that paizituig ehoald 
not be delayed for more than 3 months after ouDBolidatlon. 
But if fiurfdce dreBBing ia to bo done^ it muat be carried 
out before the road cruat at arts breaking up. 

It is vei^" esseatiaJ to examine the woter-bound ma¬ 
cadam carefully before deciding to surface drgsa it. The 
road mufit be bone dry before painting is comiuenced and 
this dty conditioti must extend right down to the earth 
sub-grade for at least 2 to 3 inches in eoRe of emtTgency). 
It is most important that the eurface of thu road shall t« 
thoroughly cleaned before the application of bitumen or 
tar. It shall be ewept clean and free from dust, dirt or 
other deleterious matter by hand brushing Mith wire 
bmshee, baes btooma and finally by fanning 'ttiih gunav 
bags to remove all loose duet. Stone metal of thfl old un¬ 
treated road Burfacc should be eapoi^cd to a depth of to 
I*' tO' give the binder a better opportunity of penetrating 
and binding the road. Caro should, howeTcr, be taken to 
see that the stability of the road is not disturbed and the 
stone metal la not loosened. If the existing surface sbows 
any depreseions, potholeSf rata or irreguIaritieB exceeding 
or has a steeper camber than 1 in 60, it mnat be re- 
oonditioued or patched a week or two in advance before 
commeuiiement of the surface dtesing. 

Bate cl Spread of Binder 

The rate of ipread of a binder is probably the moat 
important factor affecting the quality of the surface drea- 
ling and apccial eare abould therefore, be taken to enaure 
the binder being applied uniformly at the correct rate. 
Ab the spraying operation is not suaceptible of wry accu¬ 
rate control, many variations of the hinder content micKt 
he exported For beet adhesion, the binder fUm mSt 
^ up the Bidea of the chippings so that each chipping U 
held to ita neighMura as well as to the road surface, the 
finished surface should show the stone chips just imbued 
but not covered with the hinder. Tbe quantity of 
bindw depends on the size and ahape of the Clip¬ 
pings need and the condition ofthe road surface. Bounded 
gravel requires more hinder than angular or cubical 
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The thicJuiefis of the film shall he LDcre«e«i uith 
menace in size of the aggregate^ and irhen gmrel is 
em ployed it shaU ha thicker thaji with granite (crushed 
or broken atone). Flaky or Oat stones will require less 
binder than cubical atonea. A relatively small djfferenc«p 
in the rate of epiead^ of the order of 1 sq. yd. per gallon, 
can have a marked effect on the reaulta. 

The more intenso the t^affic:^ as the compactiDn of 
the surface is increased, less binder is required (withiD 
the recommended limita). Higher viscosity binder is 
required on roads canying more intense or fast moving 
traffic so as to resist more effectively the disruptive forces 
of such traffic. The binder Bhotild not be too moch or 
too little but just right all over the road. 

The following are the reeommeiided rates of spread 
of tar for most traffic conditions, as given by the British 
Road Tar AesociatioDt London i — 


For ImperviouB Eoad Surfaces or Sabseqaent Bresamgs i— 


NomintiJ lits of 


Bate* of spread of tar 


chipping 


Angular chippie^ 
fcrtiahed mck) 


Beuaded eliippio^ 
(gravel]! 


*' 

I' 

V 


[ "q- 7^1^- 

4^* 
6—8 
«—7 

7—$ 


*q. 

7—8 


The thinner rates are more applicable to roads rich in 
hinder, the thicker rates to msds appeanug dry and defi¬ 
cient in hinder. Opcn-toitiu^ pervloua surfaces require 
more binder than is indicated by these rates. A thicker 
film of binder and of lower viscosity than that ao^eated 
above (or normally applied on previously treated roada) 
ie desirable on a tar-^macadam road and also on a water- 
bound macadam road that are being dressed for the first 
time« Weak spots may be caused by local penetratioa of 
most of the binder into a loosely compact^ water-bound 
macadam leaving almost no binder on particular porUons 
of the surface. 
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For Ist dresaing on wnter-bound TimjauTupi of 
tarzEuicadsm : 


of ^3CBad of tur tq. ydfl/gftU 


Water^bouEu) macadam (tiahtlv 
boedDd) 

Tarmacadaia (opAn taictujedjl 

1 



^ Bn opon^textored and porous old road suFfaoo the 
binder wiU penetrate into the |»re8 and there wUl bo less 
remoLUiDg on the surfam to hold the chippinge. If the 
binder cODtent boconies oicooslV'S, dafo rtwa tinn will rootilt. 
Ihe oae of smaher ohipplngs is helpful in these caaea, 
therefore f-in, sue u recommendedHi 

Use of Emulslom 

It is generally advisable to apply two coata of an emul- 
eion rather than one, especially when the surface to be 
treaty ia open, e.y., a new water*bound surface which has 
not been surface dressed before, as one coat will not de¬ 
posit eufficient emulsion to fill the interaUces between the 
stones. SmgloHSoat surface dressing with emulsion is 
r^mmeirfed only for renewal coats on black-top surfaces 
where only a thin coat of bitumen la required It is 
important not to tiee too little emuleiou, and if in doubt 
.vU' *® T/* than less. There is not mash risk of 

fettiDg np with emulsions, but a deficienev mar brina 
about premature wear of the road surfaee. This is a 
awful pn^ty of emnisiaoe and is important in tho m- 
urfiwing of bitumen and tar emfaoee whore too thick en 
apphcetion of bituiseii might result in bleeding. 

If the rosd is very d™ mid dost is eoming „nt rrom 
rt, ^ ‘•dvenl.gZ. to <Cp 

broten * (mere sand la used inatoad of chipplnas It 
i ^ the surface until after the Sion 
hw broken ,) Kmulsaons do not spread a thick laver of 
bitumen and cannot take bigger ohippinga than i-in for 
dressing ou a previously treated sucSe^ ^ 
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Hetliod of AppUciUon of Biadar ; (Tar or Baiimeit) 
Besti%§ : 

All the tar flr nma ahould be carefully oiamkied before 
diacbarging into the heaters tof Bfio that the conteate hore 
not been mixed with water. Great cote should alao be 
t&fcen to see that no water enters the tar boilers other¬ 
wise the tar will froth up and OFerflow. A full tar dci^i 
TDQst always remain Biispended over the tar boiler so that 
the oontenta will never be reduoed to 1 m than Jth of Ua 
volnme, otherwise it wUl cause a rapid rise in temporatuiTC- 

The tar heater shall 
have a capacity in keeping 
with the daily output re 
quirod and shall be so de¬ 
signed and operated that 
the teroperature of the tar 
discharged to the roaJ eur 
face shaQ be within th 
range prescribed A suit¬ 
able thennoineter (read¬ 
ing up to 600 deg* F.j shall 
be provided to enable the 
temperature to be deter¬ 
mine. For emaU joba 


SikfiiPi ifedwinf hM nt* ar «T 

uf i* mat*d tc t)i* *1>* u4 
■f ehl^pinit nqvi- 

-r'lTrrinr 

iiiMkfn«im tor {fiT** 


Si«eu 

-xrrmnr 


fiHKtity cf 



tar can bo heated in dm- 
ins with a portion of the 
side cut out. Bitumen 
cannot be thus heated as it has to be raised to a much 
higher temperature which may not be poaaihle. 

The application of a binder is more efficiently and 
qnickly done with pressure sprayers than by hand pouring. 
For hand pouring specially constructed pouring cans wilb 
wide months and of known capacity for a defUiite area, 
are used. To obtain oorrect and even distribution of 
paint the road surface may be divided into rectangles^ of 
known area, each suitable for the contents of one pounng 


can. 


Pumping must be steady do as to maintam a constant 
otherwise there will b* uneven distribution of 


preflsure 
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The rate of Applica^tioa is contpolled by in&in- 
taitiii^ a coMtant reading in the prasaare gauge, whom 
provided. Pumping may only wase when there la noth, 
ing but hot air coming out of the noazle. Spraying ahall 
jn all caacfi ba carried out paraUel to the centre line of 
the road never across the road. If sprayed across the 
road, unsightly overlapping will occur, Excessive depodts 
of tar on the road caused by atopping and slrating the spra- 
°y leakage, should not be allowed. 
l?io operAtion jj carried out by one man spraying the 
and two men equipped wilb long handled eoft brnahes. 
The ter is brushed evenly over the surface longitudinally 
uumediately after pouring, and cxcesaivo deposits due to 
overlapping or other causes reduced to mimmurn. Brush- 
ftl’w aya be done from the sides fowarda the crown. 
Rubbw squeegee with long handles are also used for dia- 
tnbuting the binder evenly on the surface. It ia essential 
to draw the binder in one direction only as far as possible 
and to avoid painting it backwarda and forwards. 

The quantity of ter applied to the road aha) I be checked 
from time to time to ensure that an even and unifonn 
distribution is being obtained and the height of the sprayer 
nozzle above the road surface fixed accordingly. To 
achieve an even application the lanoe should tS rotated 
m an even circular motion with the spray jet at a fixed 
dat^ee from the road surface. The rfrcular motiou 
obviates the transverse striations bo often caused by swinir- 

mg the lance from aide 6o Bide. K. however, hand pourii^ 

jwte are us^ jmd t^ coate ^ te be done simuItonMusl^ 
the Iinee of distribution shaU cross those of the first annli' 

Brooms must be cleaned at the 

end of day a w^ork. 

^ho end of daj;a work or when the spraying is to b« 
stopped for any period, hot air shotild r^asJd under 
pr«™re through the delivery pipe and the dJu- 

mg them of any residnal materud. Similarly, before 
^mg preymg. hot air should be passed again to teat 
tee nmjJc for clranlmres and free flow of the binder 
N^ect of this may result into seriooB acckJente” 
device IS fitted mto boilers.) Labour employed on heat. 
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ingand applying tarahouki be provided with boots putties 
and goggles. ^ 

tTheso apecjficatioijs apply equally to hot Bitamens | 

Fot the application of cold emnleioiLB epecia.1 pourina 
cane fitted with baffle moutbpiecea are iiaed* These 
cans should have a capacity of not leas than ciaJjuj. 

Sh^, Size and Hale of Spread of Clippings 

The afigre^ato should be of non-flafey, haid tooeh 
elM. cresl^ or broken rock. Good remits may 

metbodfl of laying described 
are atmtly adhered to, particularly those relating to the 
spread of the binder and the interval before the 
t^fie IS allowed over the new work. In general the harder 

i^thoufih many dress. 
If** do not f^l by the wearing away of the atone/ It has 

rounded, sub angular 
or flaky particles, give the beat performanee an thia an^lar 
provide a raaiunum surface area to jwaist adhegion 
Stones providing alongaled particles 
g^erally suffer Mme weakness in the short anis^Xod do 
not provjde the mtcrloekiug necessary for maximum ata^ 
tiibty tinder the foroos exer^ by tndfio. 

A '"single nire‘* chippmgs are often doairehle. If the 
ctnppmgs contain a mnge of sixes the amallaat particles 
tend to prevent the larger ones making contact irith the 
hinder (tar or bitumn) at the time of application. A smaU 
suw particle lying between the larger ones wiD have ite 
surface lo^r down and will not help in bearing the tradic 
lo^s; ^ ^ •«»(? 03 it wtU not be preoaed by the 

rolter wh^k The bigger sixe of itonee project above the 
aurfare of the smallor size and take all the traffic, get out 
and fail. However, it is preferable to use graded aggre¬ 
gate on rough textured and open surfaces and single aixe 
aggregate ou smooth surfaces. The grading may be 
done by mixing 2 parte of the bigger sixe and 1 part of the 
smaller size prescribed (nominal size}. 

Sulficient atone should bo applied to give slightly more 
than shoulder-to-shoulder cover. The usual practice ie 
to allow roughly one cubic foot of chipa to each gallon 
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(10 Ibfl,) of the binder and in the case of hot binder, add 
10 to 20 per cent more. (See iabke at pages lS/102, 1030 

Some engineers, however, consider that Eince nearly 
half of the chips used m sur&ce psjntipg crush down to 
Sand and dust, it is more eootioniicAl in most cases and 
frer^ueotly sound practioe to use a percentage of sand in 
lien of all chips only. The suggested proportioiia are 
2 odl, chips ai^ | c.fl. of sand to each gi^lon [10 
*^0 chips must be applied first and rolled before the sand 
is spread. 

^nd alone maj be used for light applications if desi¬ 
rable for economyi A dressing of sand on an previous¬ 
ly treated road will last for almut ab: months ni^er ordi¬ 
nary traffic. Sand renders the surface slippery in wot 
weather but forme a vater-proof mat. Medinm or ooaise 
sand should bo need. 

5L» oC Chlpploss- The choice of size of chipptngs should 
depend upon the intensity of the traffic and the condition of 
the road. SmsJl sizes, |‘'or i'^arei dosirablo whore the suffacse of 
the road ia very hard of i^ere the traffic is relatively light. 
For the more heavily trafficked roads and when the road 
surface ia relatively soft or rich in binder, or on rough sur* 
faces, larger Bizee f’, are enitable. Where the probl^ is to 
deni with iion-tyr^ biiUock-earte, chippiugs of size 1' to 
H* may be used. For a surface dreralug on. tightly bonded 
(smooth surface) waterbound macadam road, the size of 
the duppings j^ould be to f' according to the surface. 
1' or V" crushed reek is centred most suitable for 
duppings for nonnaj roads. 

The following rate of spread of obippings w reoom- 
Eoended by the British Hoad Tar Aesociatioti, London 


Nominal size cf i 
chippiflEi ! 

Rate of mpplU 
catiim (K|.]?tL.Jtt>!Q)i 


1' 

70—80 

Tl» aggregnto to migli 

i' 

00—100 

not ten than 78 IbflL p»r 
e. ft. 

V 

loo—ISO 

140—no 


Spreading ol CWpplugs. It is desirable that dean, 
dry duppings be used, properly KTwned. The best results 








& HIOBWAV3 


lS/97 

Are obtained iirhen ae little time as possible elapsoa between 
the applicatien of a. hot binder ajid etuppingap and in no 
caee should this interval exceed 15 minutaa. The aggre¬ 
gate shol] be uniformlj distributed and precautions shall be 
teken so that the whole of the sprayed surface a covered 
uniformly without any accumulatioti of sarplus chipping at 
any point. The bujtd distributed chippings fihouJd be 
spread with a circular sweep of the shoveL Where different 
sixes of chips are to be used, spread the largo else first and 
then the fines. This will give a smoother finiah. If road is 
rutted^ the bigger chipa may he used in the ruta and smaller 
chips on the remaindf^r. Hand brooming or light drag 
brooming should follow the application of the chipping* 
prior to rolling. The excosa of the chippings should be 
removed not lc45a than. 48 hours after application and should 
not be sw'cpt back on to the road. The chippings should 
not be dumped, on the road, and should bo cast paral* 
Icl to the axis of the road and not across it. 

RoUlDg Surface JDreasIngs. As soon as the binder haa 
been covered and when it is still warm, and after the com¬ 
pletion of light brooming, a suitable roller should be passed 
over the whole surface and given a thorough roiling. The 
we^ht of the roller must be governed to some extent by 
the character (bardnefa and size) of the diips and the under* 
surface. The smaller the size of chips the lighter the 
roUer should be used. A few crtiahed chips do not matter 
but as soon as serious crushing commences to take place, 
reUing must be stopped. Do not over-roll and do not 
compact. The weight of the roller ahonld preferably be 
restricted to 8 tons for size of chips and 8 to 10 tons for 
bigger ske. 6 to S trips of the roheT should suffice for 
moat of the works. Tn places w'hcre traffic is light more 
rolling will be required than where it is heavy. AdditLoruJ. 
rolling may be ncceassiy on the follow^ing day. Prefer 
tandem type roller for light rolling. 

If coarec sand is used for blindage, rolling can be done 
with a band or light power roller (4*ton} during the wanner 
part of the day to embed the sand into the binder^ but 
rolLinc on sand is not e^iential. 

Although a roBet is invariably nwd for the laying of 
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every surface dreseing, it ia not essential. It h common 
experience that after the stone has been rolled hy the iron 
roller a uiufonti appearance is obtained, but Vhen the 
first rubber-tj'red vehicle traverseg the work the stone 
IS distnrbed and it? wheel tracks are ahown by the way 
each ^ particle has been turned and lies in a reorientated 
position. It would not be unreasonable on this basts to 
diepeneo with the iron roller and to use rubber tyred wh«] 
or rollers. The rubber tyre will give effective rolljTiK 
without crush mg. 

Two-coat Surface Dressing 

Two ooate of surface dressing are generally noocssary on 
untreated water-bound macadam subject to heavy 

trafTic. A eemi-grout with seal coat or a thin earpot should 
l>e preferred to two ooata of surface dressing if coat is not 
prohibitive. Where the road is rutted or there are de. 
pressioivs more than J~in. deep, two-coat dressing should bo 
done. 


The Hccond coat may bo applied 34 hours after the 
first coat or an interval of severa! months ma.y elapse. The 
advantage of allowing an interval between each coat is 
th&t the ilrflt coA^ will h&ve time to settle down tinrlor 
traffic and show up depressions which can be made up in 
the second thus ensuring an even snrface. When 

an mterval is to elapse between each application^ the 
lUethod of coristructioii is exactly the same as in the aingle- 
coat a'ork. “ 

When the second coat is to he applied immediately 
after the wt, thesurfkco should be thoroughly clean¬ 
ed and rolled lightly, (usually not more than twice up and 
jtMt sufficient rolling to roll Wk any chipplngs 
that might have b^me loose and to bring the surfs™ 
to a clean even finiah) before application of the binder 
lor the «cond coat. Simultaneous two-coat work should 
ordy be sp^ied when a pressure spraver ia avaHable as 
othe^ise ^cre is a possibiUty of excess binder staying 
on the surra« and causing "bleeding^ It is prefembk 
to allow traffic for about a month s time. 

,as to the quantity of binder and 
clupa for tlm first and second coat in a two-coat work. 
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“d more chipping, for 

fret, the .pedf;oJti^^SLw''Z^™* ^ 

the qiuntiUes of niA^n.i. following ahow 

the dS^t^p^ reoomnieoded for 

»-4T n?r^ recommend the n» of medium rend 
Pasted rend nmemhun is looMfycm. 

s: Sf ■? "■^■‘12^=:^ 

-* «ra£S 

*^<|Bired oer 100 m A> »r ^ ^ ”* ®* ^ 

^ be .Suced f^ *^ 

^^nooth in about 2 to 3 month, tS^whS 

£SF 

of .tone chippin^aS “ with 5 e. ft. 

whenTtSSi «SUt.”^°IiSJ^ dcing^W 

twTore the sorfmoe sUrta breakinff m> Th^^^ZSi 

dii^^forSfStiSf 

l>efore the binder hae hardened and the 
9mred their interloeking moeaio. After 
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traffic that is rclatirely free from braki^ and turning 
continues to maintain the consolidation of the 
The more intense the traffic, in fact, the closer becomes 
the compaction- 

This goes to show that fast moving and heavy tra^ 
should not be allovred on the road until ^e binito has set 
sufficiently to ensure that chipping will not be »P^* 
ciably disturbed. This is particularly imi»rtant with 
wet afferegate or in wet weather. Showers do not hann 
if trafl^^T^ kept off. Traffic shouW also ^ 
road during the hottest part of the day 
24 hours after laying and the road must iwt uw ti 
the temperature falls. Even the higb«t viscosity m 
become fluid on the road on the first ^y. A ^ac» 
dressing is in iU most vulnerable conation when ft^ly 
Uid and keeping traffic off during the first few hours 
may, in certain circumstances, make all the difference 
betw'ecn a good success and a bad failure. 

Where bituminou-s asphalt has been used for aurface 
dressing, traffic may be allowed soon after roUing. Allow 
slow.rooving traffic first for sometime. 

IvTcess chippings thrown to the side of the road 
traffic should be periodically brushed back over the r<^. 

Tf the excess chippings do ivot adhere under traffic, they 
ahould be swept up and removed. If “blecd^” 
subsequently due to excess of binder, it can be arrested by 
sprinkling coarse sand* 

Treatment of Wet Aggregate ^ 

Provided the road surface has been thoroughly cloai^ 
of all dust or other looee material by brooming the adhesi^ 
between the binder and the dry road ia immediat e and 
permanent. There ia. however, no adhesion betron 
s^ved hot binder and wet chippings until the chippings 
drv out bv evaporation of the water. Rollings will press 
the stones’ into the binder, and provided they are ^ 
disturbed by traffic, they will dry out and adhere. UndM 
poor drying conditions adhesion between the binder and 
the stone may not develop for some considerabfe tin», and 
u the dressings cannot be isolated from traffic indefinitely, 
a large proportion of the stone may be flung off the road 
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under the actiaa of the feet rooTing and heavy vehicles. 
It is geaeraily recommended that trafFic be kept off new 
woTk until the etone hee dried oat« 

Tn order to promote coating of vret aggregates by tar 
or bitumen, it is nccesasTyr to add to the aggregate some 
reagent before the binder is uioorporated in the mijr. The 
reagents which have proved most successfal are hydrated 
lime and quIck-lime. Quiok-lime causes a result similar 
to that of h 3 'drated lime, but it is rather more effective 
ill that it removes some of the water chemically from the 
stone and the resulting heat of reaction increases the sur* 
face temperature of the aggregate. Although quick-time 
is particularly efficient, it has^ of course disadvantages 
oa regards handling (For difference in quickdime and 
hydrated lime see Section !£,) 

For the binder, it is not ceoeasAry to add any special 
reagent to tar and ^e tar specified is usually of the same 
grade for use in wot aggregate miaes^ but for improved 
resulta with bitumen, 2 per cent by weight of the hitumen 
t of Turkey red oil (fatty acidj, and many other compounds 
have been found effective. Burmab-Shi^ll recommond 
^'Shelmac D'^ a hot application cut-back bitumen, which 
is, tued in the sani.Lj manner ae other hot asphalts. Bitumen 
ermlstona can also be used with wet aggregate or on wet 
^rfaoee. Certain chemicals are also manufactured by the 
litipeiial Chemical fndnatries which help the adhesion 
of bituminous mixtures to w'et the aggregate. (See I.R.C* 
JoiuTiai vol. XVTTI—1, page 83,) 

Work ondef Wet CoDdJtloiu. The surface to be treated 
shooU be washed Hean of all mud and water. If the road 
is wet, sprinkle fuUy frrahly slaked white-lime powder 
(not kankor lime) at the rate of 5 to 8 Iba. per 100 sq, ft, 
of road surface acoording to the dampness on the aur£H», 
and spread the lime evenly, which forms into a slurry, with 
long hajKlIcd, brooms, so that the whole surface U covered 
'‘■■iththc slurry. 

Wet stone aggif^te are mixed with slaked white- 
lime powder at the rate of about | lb. of lime to 1 cJt- of 
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Btone Aggregate^ and from 1 to 1| lb«. of lime to 1 ft. 
of |B*Tni Aggregate and sand alioukl be mixed uidewii” 
deaUy with lime. Mixibg with lime should be done 
and when thoroughly mixed, then only binder should bt 
addeci A t&ck coat can be applied over the lime treaty 
aurfaoe where required under a tbm carpet. Follow 
dsnal Bequence of operatious either for surfacing or for 
ptemiEing. llixuig EbouW preferably be done in a me- 
^anical mixer and the binder sprayed with a prea^iro 
sprayer. If the previous road surface dries out after 
oleaning, no lime need be apiinhled over it. 

Surface Dreralng of Roads wUh Tar 
Quantities of Materials Required per 100 aq. ft. of 
Eoad Surface 


Xraffie 

Quau' 1 

tity of 1 

1 Quantity 

Siao of 
ehippiagfl 

Renuarka 

fleuity 

tar ^ lar 

01 cnipa 

Table baaed io geneial 
on iShalinmr Tar 
apecifKatieea. 


— - AOp 

Lba. 1 j 

Cnft. 

ios. 1 

IttCoat 


jsS—40[ 

5 ’ 

4.0—4.5 ' 

1 

Fordenie and compoei 
atone aurfacoa. (Wotor. 

Eeavy 

'as—40j 3A j 

4,5—5.0 

i 

bound mAOadam) 

Light 

145—50 

3A 1 

4.5—5.0 

f 

Far open teature and 

1 pofOua auifarea. 

Heavy 

[ 45 —&0| SA 

5.0—5.5 

1 > *"1 


2Bi eoat at Hinrwal coat 

j Add 24per cent wati- 

Light 

]2!0—26 

3 

5.0 

1 1 

1 ago for tar and 5 
' per cent wastage for 
ebipa 

Heavy 

20—25 

3A 

3.0—5,5 

r 


6titUlilnc Mat with Sand 



2.0—2.S 


TJsb mied'- I 
jum cousb 
■and. I 


No. 5—2000 F. to 22W 3?. K^. 3A—220® F. to 240® F- 


it .^.‘—Tnuffic ctnuJiTionf: Up to SOO Ihlad bullDclc cojUi per da; 
ii taksn u %ht trfiTiOv 500 to 500 Udon buUixk cuta per d»7 
(•ken ae hwvy tnftic. 
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Sorlace Dres^n^ of Hoads with BHnii»ns 
Qaantitiefl of Materials Be^^uircd per lOQ sq, ft. of 
Road Surface 


Quantity of 


Sice of 


Remarks 


Bitumen 


dupe 


ckippinge 


Tati 1 b bawd on Bur- 


Iba, 


e. ft. 


Tiro-coat work-^Heary type 


niah^ShAll tpeeifioo* 
tieue (Reviaed) 

For oSrt traffio 


26 

f 10 1 1* 

45—fiO 

i s \ 

TwD-Boat uork—Madlatn type 

36—ID 

1 s-a 1 rtoi" 

26 

1 4 \ 1 *'to 



26 


46 



Sinck-float work 

J J 

26—36 

1 1 rtcT 


«oai 

26 

t 1 i" 


Let coet '^imuItanBocia 
Znd coatjwork on open 
textnml voter-bound 
mOcadam. 

For motor traffia 

tat coat 
2nd ooat 


let coat T Sunnltana* 
Sod coat J, oua vork 

On dense and compaot 
eurTHcea. Suitable for 
baavy truffle 

On old sorfaoaa 


(t) Where an emulsion is uaed, the quantity tnU be 
^ Hh. for each coat (or may be only 30 lbs. for the 2Eid 
coat or renewal coat). Where hot cut-backs aiq used 
the quantities and proceaa is the same as with hot bitumen. 

(it) Eicsaer quantities luid smaller akea aie for dense 
and compact surfacea and for lighter traffic.. 

(ttt] Add 2^ per cent wastage for binder and 5 per oca 
wastage for chips. 

Estimating Quantities for Labour and Sundrlas 
Heating of Bitumen and Tar {Bequireiuent of fire-wood) 

(»} 3 cwts, of fire w'ood requirEd for heating 1 toa up 
' to about 150 deg. F. 
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(li) 5 ewts. of fiiewood required for heat big I ton np to 

about 200 deg. to 250 deg. F. . ^ . 

(»ii) S cWta. of firewood; required for hoatmg 1 tou up 

to about 350 deg. 

BrnsSiliag Road Surtaces per 1000 sq. ft 

{ij Wflter^boond matadam or other kaxdiftT, | 

laterite or open texturo aurfaces il labourery 

(it) Old bituminous or tarred stirfacea \ »■ 

(i«) Preparation of surface for 2tid coat ^ 
punting i " 

HeaUng and Spraying Road Surfaces with Tar BoUers :— 

(i) 1 to li labourers for apraying 1000 sq. ft. of suifacc- 

/h) 1 to 1^ bbourers (3 to & e ft. of chips per 100 sq. 
ft of surface eprayed) per 1000 sq. ft. of road surface for 
spreading atone chips. 

Gundries required lor roaa worlis : 

Ba^ketej buckets, pick axes, forks, ropes, thermometera, 
wire brusbes, (soft bmshea, gunny bags, empty tma for 
water, pouring cans, road template. Caution boards, bar* 
Tiers, watchman's lantcm,^ soap, ete. 

16. CEMENT CONCRETE ROADS 

PonndaUoDS under Concrete Pavementa 

It is very essential to have a good solid foundation 
of well consolidated and non-absorptive materials under 
a concrete road. This being a rigid type of couatruetion, 
a concrete slab should not Irt plac^ over a yielding flexible 
base (foundation] as it will develop cracks. Under-surface 
moat be properly levelled, hollow places filled up ajod j 
consolidated with bard-opre, esmbei^ and crosa-faUs or 
longitudinal slopes given. The sub 7 gnide must have equal 
bearing power all over. I^aek of umfomjity of support 
will result in much higher Btresses in the concrete slab 
and it is therefore necessary to prepare the sub-grade 
in fluch a way that the slabs are supported as uniformly 
aa possible. If a alab is unifonnly supported by the 
rub-grade only a smali variation in stress will occur for 
large djfferrnfses in soil tj-pe and the majority of stresses 
will bo TTell below the ultimate i^trcnglh of the concrete. 

In oDufmed Bites, such aa bridg)e abutments, behind re* 
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walls or in trenches, oompaotion of the soil is 
most efficiently carried oat by heavy hand rammers. 

A sub^grade ander heavy traffio is not 

satisfactory. Kankar di^tegrates under heavy traffic 
and there is a certain amount of pump^ action whidi 
slowly creates hollows, particularly near joints, and thus 
cracks begin to develop in the road slab. Experiments, 
however, have shown that where the concrete was wdl 
bcmded into the existing road it stood very well 

If the foundation is of gravel or sand it should be well 
rolled and levelled and either sprayed with bituminous 
emulsion and blinded befcwe the concrete is laid or covered 
with waterproof paper to prevent loss of liquid into it. 

ProvWoD of a Bass 

The load-carrying capacity of a concrete road struc¬ 
ture lies mainly in the structural rigidity of the slab 
(and the uniformity of sub-grade support) and it is 
considered that underoourees or bases should be used 
only when they will correct or counteract an unsatisfac¬ 
tory or unstable soil condition. Inclusion of a base 
for the sole purpase of increasing sub-grade support or 
the structural strength of the road is generally unecono¬ 
mical unless suitable baae material can be obtained 
cheaply. It is considered that 1 in. of concrete is equi¬ 
valent* to between 3 and 6 ins. of base depending on the 
particular cr>i>d» tin ns. ^ttie provision of a base will result 
in only a small increase in the strength of the road 
structure. A base should only be used to form a working 
surface on clays, silts and sandy clay soils and otner 
weak soils, to provide a levelling course on roughly shaped 
formations. A layer of lean concrete may also be neces¬ 
sary on old macadam roads for re-shaping the surface. 
A base need only be thick enough to provide a smooth, 
hard working face over the formation so that the sub-grade 
is not deformed or otherwise damaged during the constru¬ 
ction work. A sub-grade of hard-rock need also be covered 
with a layer of broken stone or gravel. When a base 
is considered to be necoessary, it is seldom worth laying 
a thickness of less than 3 ins., and except on poor soils 
a base thickn*^ of 3 ins. is usually adequate. 
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It bu been reported tbst elabs laid on * rig^ but 
bmTO ebcnm a H>mewhub nnexpeeted tendency to end; 
it IB possible thereibre that ataet of stebitixw soil end 
lean-mix ccn<^reto m&yi in certain cxreuniBtuiceer be 
muaitabfe for conento roads. tTnUke gmnnlar mattiiafe 
they cannot accommodate tbemBelTeB to the waiped 
sbapo of the slab which may then cracL u a rentb 
(d lacm-mufonn ^pport. 

Ihe base should be carried at least 12 tns. beyond 
the edge of the concrete slab. CBpeeially if kerbs an lut 
used or are not set on the slabe. 

The most suitable bau for clays is stabilized soH 
or a lw»-T> Donente mix of ny, 1:4:8 or eten 1:5:10, 
4 to 6 ni& Where the day is Teiy weak and plastk^ a 

sub-base of 4 ins. of gnmuler matenal is wmetimes laid. 
Or alternatiTdy, a base eouiw may consist of 4 to 6 tns. of 
weD bunit dn^er, grarel, broken stone or brick beHastp 
veD oonsolHlated. A soli^ course (sub-base) of bri^s or 
stones win be neoeeeaiy in addition on we^ sob-gradea 
(sDCth u black cotton soils), in which ca» the thickn» of 
base course may be redu^ to 3 to 4 ins. only. 'HoUed 
or Grouted Cement Concrete” as duezibed in the pages 
following, can also be used for baae oourse over day soila. 
Ko base oonise is required on sub-grades of graTcl, nod, 
ctf graTel-BBud-cIay which can he thciutigbly compactedL 

It is essential to thoroughly wet the baae before lajiug 
the Dement concrete slab. The cub^grsde or the baee ahonld 
be mcmt bnt not muddy at the time of placing concrete, 
H may be sattnated with water the preriouB night or not 
le« than 6 honra prsTious to the placing of Doncrete: or 
the furfsce he insulated with bitumen emulsion or coTered 
with water-proof paper, where it is not intended to bond 
the eoncreto slab with the base, A ciay must not be too 
wet when it ia cowered. 

Concrete contracts while setting, therefore, a newly 
laid slab ahonld have Iree movement while drying. Ibete 
win al« be subeequent expansion and oontnctkm due 
to temperatxLre changes and the range of temperature 
and its rate of change will be greater in a concreto 
slab than in the foundation (Tuiatian of temperatoR 
between top and bottom of the slab is peoporttonaJ 
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to tbo depth of tJie aUb) sod, u s coafleqTwooe, th« dsb 
wiB t«Dd to alids over the fouudstioLii. This horiswntsl 
lOOTcnjent of the elsb it reetraicied by frictieo betweea 
the slab sod the eob-gride or bwe. Th* friction rosy 
be rodaoed by Isying the slsbs on wste^MO^ psper. 
The nm of waterproof paper is psrticnlsrly deeirabi* for 
flaba laid m hot westher when ocmaideTablfi contrabon 
may take pisoe before the full strength of the concrete 
has developed- A layer of ^ to 1 in. of sand may be 
Laid over the old road sorfa^ and wetted, or a cost of 
tifh nrrtiwi jnvfin OTor s treated eorfaco before la 3 nng' the 
slab so twt there >s no bond between the newly laid 
ooncrete ■J^d the old eorfsoe and the slab ia Eieo to roovfc 
(See al^ next P*tia ) Another advantage of a wat«» 
pT thvfj ffLg layer between the slab and the sub-gra^ is, 
W of oemont paste to a poroua base or snb-gradB ts 
prevented. 

Rcperhnenta aimed out in U^. with 3 ms* and 4 
tJuA alaba laid on eiiating well Oonflohdated wajer-bonad 
loacsdsm soriaoea where the oonctete wm bo laid es to 
bond tboroo^y with the rough and uneven soiteM of 
the base, have proved very satislactory* The eiiatmg 
fiorteoe is cleaned with wire bruahee » as to remove ait 
loose material and the protruding metal provides a 
good key. 

lAjlsf Cmcaata tn Bead Sabi 

Two methods for laying are used—{*) Alternate bays 
and (h) ContinnooB strips. The firet method oomnsts 
of laying a seriw of ^temate bsy^ the intennedteto and 
ndiaoent bays being laid after an intepa! of at least 4E 
boors In the second method the slab is laid oonUonously 
in strips between longitudinal joints. Ends of slabs ehotild 
be painted with bitumen before the intermediate bays are 
fiHed im Concrete psvementa are oauaUy laid m 
bays with their dicaeosionB varying in loagths ^ ^ 
to 36 fir. with 60 ft. maiitnum. and widths from 8 ft. to 
15ft. bn steep grades the slabs may be laid_ in bays of 
about 16 ft, lengUis. Sire of the Blabs » filed acoirdmg 
to the joints—^tnnsveree ajad longitudinal. In aiteinate 
bay method fewer expanaon jointa can be pnmde<L 
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Slabs <AJi usually be laid in siogifi Layers if gpod aggregate 
Is available to produce hard and deoee atirrace and vbera 
the traffic is not veiy heavy or the thickne^ is not too 
great to produeo any difficulty in ramnung^ ^nbero the 
road ia Laid in two couraesH the top course should be laid 
before the bottom couree has set so that a good bond 
between the two layers is obtained. ’Where good hard 
aggregate la not available or is not econoEmcah the road 
can be laid in two kyera using hard aggregate for the top 
course which can be I to 2 inches The Wttom 

layer can be of 1:2:4 and top layer 1 :1^:S or 1:2:5 if a 
roughened surface is desired. For top course rounded 
aggregate are not suitable but hard crushed stone should 
be us^ in proper proportions. The upper Layer should be 
laid to \* higher than the profile to permit of its being 
rammed into position with the tamper, 

Slabs with thickened edges have no advantage over 
fdahs of one uniform thickness but on the other hand are 
rather nnrcijablo since the aub-gradee cannot always be 
perfectly shaped and compacted to the e:sact sections of 
the slab to be laid over, thus giving poesibiJity of settlement 
and cracking. 

While designing mtersections, comer angles leas than 90- 
deg. should he avoided as slabs are particularly snsceptthle 
to comer cracking; stress in an acute- angled comer is 
higher than that iu a right-angled corner and more so 
in the case of slabs less than S ins. thick. ’Where this 
is not possible the corners should be strengthened by 
increasing either the thickne?t8 or providing comer 
reinforcements. The stress at a comer of 50- dog, 
is about double the streaa at a right-angled comer and 
proportionately so w ith other angles. Widths of the sUba 
should not also be Jess than 4 ft. A plain concrete alah 
in which the dinjen-ion in any direction exceeds 15 ft. in 
liable to crack. Where tho slabs are reinforced longitu¬ 
dinally and transversely with equal amount, widths can 
be iikcrensed up to 24 ft. 

All the arrisea of cement concrete slabs should be cham¬ 
fered at 45 deg. for l^ina, width and rounded Ail manhole 
and gullies ^nld be surrounded by wooden boxes during 
concreting and filled round later. After completion of 
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the concrete od«ea of the alab should ba protMted bj atnpa 
If ^U^und^lcadam at le«t 12 ina .nde^ 4 
thick. Stone* brick ballast* kankar may bo 

AEBi«gai«* Th® aggregate ahouid be pf the hard«t 

and t^est variety arable. In 

^ the bottom Doutae of t^o^cooiae «ork. the no^^ 
nniim™ 5 ke of o»iK ag™te maj be up “ f 
the thiekueee of the slob. VTitb 2^ ,'.‘J®;, ®“‘ 

most eonmionly nsoommendcd is li douQ to | 

the base course. It is coDeidered that the 
qhniild not be leas than U' otherwise it would not take 
the load For the top course the aiio should not generally 
Per th„ hs/the thdekue^ of the 
couml ■ I' ia the common siie with msl., graded down 
to 3/ie^ Requirement of Burface 
tim« effect the choice of site of co»™ 

of coarse aggregate succcflsfoUy iiftflfl'/*!' 

wta V to r —1 part' (b) mixed 40% li and 00 4 t 

SlinJ size: [cj 50%.li- ^d »%-r ^ 

the proportkjo 1 :2 ; 3 i - The aggregate Bhoulcl be as 

much cubical as possible in shape. 

Th^ Band content should be as low 
should be lower for rounded than far crushed 

Sand to all pass through sjeve and not mora ^ 
20 per wnt shaU pass through a 50 mesh sieve. ^ 

shoSd be avoid J as it ^vUl produce a smooth surface 

which is not desirable in road slabs. 

Licht and soft varitics of sandstones and limestones are 
not Stable for road work except for bottom 
where even brick-baUast can be used if the traffic is npt 

very Thickness lor Various Suti-gtades 

See under^-lS Design of Pavomeu^. 

Cement concrete slabs of 3' tbicku^ laid over ^ 
well bonded with old water-bound macadam have 
traffic intensity of 1400 to ISOO tona 
some of the slabs developed cracks 

Theoretically* 3' thickness is too small for this intensity 
of load but the endurance of these slabs may be 
the effeclive bonding of the slab to the 
which virtually increases the thickness of the slab* and 
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4lM dne to th« higher modnluB of eob-grade reaction of the 
thick and oonBolidatcd old load cmat. Ab there |aa ten¬ 
dency for tho S' thick slabe to crack on weak enb-gradee^ 
a 3' to 4' layer of woD oonsolidated atone or over-bnnit 
brick baDast ehoald be able to take a fairly heavy traffiOt 
aod corners may be reinforced in addition. 4' thick dabe 
laid on a sob-grade of mibetantial TnmwTum cruet of 6' of 
ctono Or baBaet have been found adequate to stand an 
axle load of 18000 Iba. {axle load recommended for pavement 
tbkkncae dcaagn for Indian roads and Thick i£ adopted 
by many American States) and heavy cart trafi'ic. These 
slabs are wHhont reinforoement, 

Tbcra an many nriabln Bach aa, aUoTable flexorat 
(tress in oononte) co-efficiant of enb-grads reaction or 
the sab-giade Bupport^ wheel load, texnpeTatnre variationB, 
eo-cflfi icat of SDb^;rade resutanoe^ i.e., the fiiotien between 
the slab and the sttb^grade, dlstanco between fointB, that 
most be consideied in dlesignjiig pavtinient thitfjlrruMtw and many 
of these variables o&naot be evaluated predselj, tbenfon. 
the design calculations give more or less approximate 
values, and reliance ehould be placed on previous experience. 

Stresses due to wheel loads are higher at the edges and 
comers of the road slab than at the centre. The moat 
satisfactory method of strengthening the edges farming 
the side of the road is to ertend the slabs under the 
kerb* A 9 to 12-m. extension on each aide of the road is 
adequate^; thj^ wfll prevent the oceurrence of high strcBsea 
due to traffic running alo^ the edge of the slab and 
will also provide a foundation for the kerbs* The slab 
surface under the kerbs ahould be roughened and provided 
with a ooucreto bucking or the kerbs be eecurely fixed 
by short dowel bera fixed in the slab and keyed into 
the kerbs, to prevent their being displaced by traffic. 
This arrangement has the advantage that a vertical joint 
is avoided at a position where the risk of water reacbirig 
the snb-grcde in greatest. Where such an arrangieiiient is 
not pmclicable, the aides of the mad slab can be streng¬ 
thened by : either {i) thickening the outer edges of the 
B ab. or by fii) couHtructing a ooncrete beam under the 
slab at the sidea of the mad. or by (Lii) providing extra 
reinforcenicnt at the aides. 



& HioairATS 


18/111 


When cDHonte ehkhs Are ]«9 than 6 ins. thick or 
where the alaha are on a poor foondatioD;^ it ia advisable 
to Etrengthen thetr oomeju by roeana of havin’' 
femforcement &b detsjled under ‘^Retnfbreeiment’' in the 
following paged. 

Foot-paths 

A finished thickne^ of 2' cement concrete 1:2:4 
slab (cast’in^ta or prO'caet) laM over 2' of lean concrete 
sftv 1 ; G : 12^ over well consolidated sub-giade and sand 
filling, win meet most of the requiremento of foot-patha. 
The top slab may be laid while the bottom slab is still 
^reen. On heavily trafficked paths and cycling tracha, 
the thieknese of the top slab may be incrcaiiied to 2J' to 
3'* Kerbs or rounded “edguiga" may be provided at 
the ends {see under ' Kerbs ']. A thickneaa of 3' for 
the common foot-paths and 4' for heavily trailneked paths 
and cycling tracks is uBoally recominended in England 
and America; 2' ia for the most lightly trafficked paths. 

The pavementtv can be constructed in bays, or in 
panels, or continuoua with dummy joints at 5 to 8 ft. inter- 
vala. For a 2' thickness the bay or panel bhoold have no 
side longer than 8 ft., while 12 ft. should be the maximum 
length for the thickest slab. Sometimes pre.cast square 
slabs of sidea about 14' {or accoidiog to the width of the 
foot path) are made which are laid cross-wise with their 
diagonals perpendicular to the length of tbs path, and 
spaces left in between filled with half-square pieces. About 
1/16' gaps aro left as joints which may be filled with bitu* 
men. In this case no dummy or other joints will be deces- 
aary. Where the concrete is laid in situ, the surface of 
the foot path can be made non-skid by pressing Bs:panded 
Metal pieces over it when at is still green or broomed as 
explained under "Concrete Road Slabs". 

Belntorocmeiit 

RoinfoTcemenl is not a I ways necessary where the 
slab is laid on firm and well consolidated foundations, 
Beinforwment helps to carry over nny weoh places in 
the sub-grade and is usually jiro''jded under heavy lixidiq. 
Seldom, if ever, is reinforcement couiited ou to reswt 
flexural stiwees produced by loads or warping. Reinforce- 
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ment pTcventa the irideniiig of ctm^ produced hj flax^ 
and holds the fractured faces in int^ate contact. 
cracks often occur at frequent mterrals m reinforced 
concrete slabs, bat such cracks show no tendency to 
open or deteriomte and some penetrate only just below 

the surface. ^ ^ j. ¥ 

Experiments carried out at the Road Researon Labo- 
ratory^ Hajmcnndsworth, huTS indicated that the maiiiiitufl 
tensile stresaes occur at the top of a slab at the comers and 
at bottom elacwbere in the slab and they oonsidflir it a 
better procedure to place the reinforcemeiit at the top if 
it is in a siiigle layer. But if comers can be reinforMa, 
the mein reinforcement may be at the bottom. Thin 
slabs reinforced at comers wiU take heuTier loads. Re- 
iiiforeemcnte are placed 1^' to 2* below the top of the slab. 
Another point in favour of the top remforeement is that the 
aun flhone on the top of the slab and not the bottom, the 
topt tends to expand and produce tension wbils it is heated 
when the bottom remains cooler. If the anb-soil is weak, 
the reinforcement must be laid in the bottom and about ^ 
above the bottom of the ooncrets; but if the sdb'SOil is 
onreliable as regards its settlement, and temperature stresses 
are expected, double layer of rdnforcement should be pro¬ 
vided. Eeinforcement ehould be equal in both the layers. 
fi.inB. thick or leag can be provided only with one layer of 
reinforcement. There is no evidence to show that better 
performance is obtained with a donble layer of rein- 
fortsemeut than with a single layer (of the same total 
weight). The use of two layers of reinforcement Impedes 
constractioii, especially where the concrete is being spread 
and compacted by power-propelled machines. It is there¬ 
fore recommend^ that a inngle layer of reinforcement 
should be used except where steel weighing 14 Ibs^®*!- 
yd, or mors is required or for positions stated above. 
Tt is not economical to nse sufficient steel to increase 
appreciably the Btruetural strength of the slabs. 

Amount of reinforcement is 5 to 14 Ibs./sq. yd., per 
each layer. For moderate traffic 7 Ibs./eq. yd, la aufri- 
clcnt and this is the oQn.inone-<it. About 1(1 lbs/sq. yd. 
of steel, with the greater proportion placed in the longi- 
tudizial direction, ehould be the minknum used in the 
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heavily trafficked roads, 

ReinfoTCcment is aometmies worked ont fifoni the 
foTlowinfl formula : 

AB^LWc/2f 

where : 

As=aTea of steel in «!. ins, per ft. width of slab 
Etired at right angles to the bsiB; L=leiigth of slab be¬ 
tween joints or edges in ft.; W=wt. of slab per sq. ft. in 
Ibe.; c=oo-efricieiit of sub^grade redstenoe. Assiimp* 
tion for it nmially ranges from I to 2, with 1.5 as true 
average; f=working Etnesa in the reinforcing steel in IbS- 
per flq, in. This is usoally taken half of the yield point 
May be taken 20.000 for steel bars and 2S.OOO 
where cold drawn steel wire fabric is used. 

The formula can be appUed to both lon^tudjnal and 
transverse steel requirements, which will be In the same 
proporttons as the longitudinal and transverse dimensions 
of the slab. 

Hairpin** reinforoenient is recommended at the 
comers. Tbis eonsista of two lengths of bars, one bent 
with two legs at right angles and the other with the two 
legs forminjE at an angle of 30 deg. Each leg is 4 to 5 f^ 
long, and |' dia. and hooked at ends. Another method ia 
to bend two S to 10 ft. long bars at 60 deg. Sometimee two 
straight bars are placed at the comer at right angle and 
a thud bar at 45 deg. If the main rcmforcement is not 
placed at the top then the comer reinforcement shoold 
be 2 ins. from the top of the slab otherwise at middle depth. 

In slabs of normal width cracka OBually occur tians- 
vere^y. Ah such, it is desirable to provide the greater 
portion of the steel in the form of loogitudinaj bars (in the 
direction of the greatest dimension O'f tho slab) and a 
relatively small proportion m transverse bars. The 
longitudinal bam ^ould therefore be heavier and more 
doeely spaced than the transverw bare, f " dia. longi- 
tudinal bars at 12' to 18' centra a'*d J ' transvera 
bars at 20' (Entree may be provided. In the case of wide 
slabs (say 15 ft.) and where the transverae jointH are about 
the width of the road, reinforcement should bo g^vwi 50 
per cent each side. 
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Hie reinforoeinent should slirsjrs be delivered to 
the site in the form of flat mats uid not in rolls so 
that it may not tend to take a curved shape when 
laid. Joints must be an overlap of one complete meeh of 
the fabric, or 40 times the diameter of the bars if a proprie¬ 
tary mesh is not used; bars, for instance, require an 
over-lap of 10 ins. Rei^orcement should stop short V 
of all edges and joints in the slab. Transverse bars should 
not be lapped. 


Forms 

The importanco of careful and accurate form setting 
cannot be over-emphasized. The forms (steel or timber), 
should be supported firmly by stout stakes about 4 ft. 
distance throu^out their entire bearing area on a uni- 
fcHmly firm foundation. Line pegs should be fixed at 
100 ft. intervals on straights, at all tangent points, and 
at about 20 ft. intervals on curves. Steel forms shall be 
made of metal not leas than 3/16' thick and with base width 
of at least 8'. Shall have square ends connected with a 
rigid lock joint. The forms shall be true to a straij^t 
line with tolerance of in 10 ft. for the top surface. Wood 
forms should be used for curves of less than 150 ft. radius; 
for smaller curves side forms of brick in clay plastered 
can be used. Wood » forms must be securely supported 
and braced. The thickness of wooden forms should be 
at least one-third the depth with a minimum of 2'. Level 
pegs should be fixed with a dumpy level at 100-ft. intervals 
and at aU changes of gradient. All forms should be treated 
with oil on the inside face to prevent concrete from adher- 
ing to them. Forms shaU not be removed until 24 hours 
after the concrete has been laid. 

Joints 


Joints are the weakest part of the road structure and 
the commonest cause of bad riding. The chief faults in 
joints nre : (a) Wfferenoe of levels between two adjoin- 
ing slabs; (6) Badly rounded arrisee ; (e) Depreiion 

of the edgw oHing to the nmkilled uee of roanding tool. : 
(rf) Extniding filler. Another mejor nine for weaknen 
■t the joinU. (»^ial|y the eonrtniction joint, where the 
work I. .Uipped for the d«y, i. th.t at the end of the day 
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the work is nsuelly hurried and not eerefoUy done. Also 
the oontrsctors are »pi to scrape up all the unosed oqq- 
Crete, including concrete that has partially set, and uti¬ 
lise it in completing the job. These faults will not only 
cause bad ridmg but wiU make for excessiYe wear and 
dami^ at the joints and reduce the life of the road. 

whenever wcuk stops for a kmg period allowing the 
concrete to harden, a vertioal butt joint should be made, 
but when concreting is stopped only for 10 to 15 minutes, 
the new and oM concrete should ^ thoroughly ahoed to¬ 
gether to ensure that no cleavage is formed. 

Joints are made in concrete pavements to keep the 
stresse s caused by changes of temperature within safe limits 
and prevent the formation of irregular cradu. It has 
been explained in the Section on “Keiaforced Concrete” 
under “Expansion Joints*’ that the total expansion that 
would occur in a 100 ft. length of concrete structure with 
a rise of temperature of 60 d^. F. will be about | in. and if 
this expansion is not allowed to ocour, the oonorete will 
develop a stress of only about 976 lbs. per. sq. in. against 
a compressive stress 2250 lbs. per sq. in. (for 1:2:4 
concrete after 28 days, and whuh will be ab^t 3500 to 
4000 after one 3 rear). Transverse expanaon joints sre 
provided at intervals in a concrete road based on the above 
expansion limits. The joints are filled in with a com- 
preasible material and sealed with a sealing compound 
to prevent the entrance of grit or water. It is very im¬ 
portant to keep the joints clean of any road grit or other 
foreign inert matter which can interfere with the free ex- 
panaioo of the concrete. Entrance of water through 
the joints will undermine the stability of the road structure. 
Joints are generally made at the time the pavement is 
constructed and they are either plain butt joints with full 
depth break in continuity of the slab or “Dummy” groove 
joints. Joints sre formed by placing within the eon- 
Crete stripe of metal or wood impresnated fibre of a 
Uuckneaa of the joint required embe^ed close under the 
pavement surface. A groove of the proper depth is formed 
in plastic concrete aft^ surfsoe finish. A gproov in g tool 
for dummy joints can be made of a rolled st^ T-seetkm 
with its stem facing down and handles provided at both 
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ends. Fever oontrectaon and dummy jointe are required 
if the alabe are reiiiforoed. 

T^aDivefie Jointi. Are at right angles to the road 
length.^ TransTerse joints fall in two general classes— Kxjta%~ 
non jomts and Contradion joinu. No definite rules for the 
^pacing of these joints can be giren as the spacings depend 
upon many ^ variable factors. Contraction joints are 
fftmSty provided at intervals of 30 to 35 ft., with 50 ft. 
m a Timnm aodexpansion joints at 100 to 120 ft. intervals 
« more, aooording to the temperature ranges and the 
~^^****f the ^b, thicker slabs and reinforced slabs 
havi^ j<Mts at greater intervals. A contraction joint 
consists of two nei^toaring slabs butted together with a 
^5^ simil a r to that of a dummy^groove joint. 
CcnMrwiion joints made doe to stopping of work at the 
Mid of a <l*^s work are made into contraction joints. 
Cratractmn joints may be provided with smooth dowel 
bars It the spacing of such joints exceeds 20 ft. Dummy 
^traction joints are introduced at about 15 ft. intervals 
in between the contraction joints in nnreinforced slabs. 

In expansion joints there is a complete separation 
between the abuttmg slabs and a space of about |' to J' 
“ “ between ths two slabs which is filled to within 

} to 1 of surfsoe with a joint filling compressible mate* 
lial. (deacribed hereafter) and the top filled in with a 
sealing compound. Expansion jomts should be provided 
at intersections of pavements with structures or other 
pavements. Expansion joinU at long distances is a defi¬ 
nite advantage ^ roads have been laid in America with 
TO expansion joints bat only dummy-groove construction 
jomts. If dummy joints are provided at short intervals, 
exp^on joints may be made at longer intervals with 
jomt widths of from f to 1*. Roads constructed in 
wmter months should have expansion joints at closer in- 
than those constructed in summer months. Joints 
should not be too wide as traffic damages sUb edges with 
wide jomts more c^cklT than those with narrow jSnts. 

Trans^rse jomts should preferably be made at right 
angles to the kerbs and continued straight across the Sr- 

overcome the 

structural weakness caused by the intMaection of four 
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jointo (four edges) snd have been tried at some plaoes with 
■Qccen where they were staggered about 9 to 12 inebes. 
Some engineeni are of 0 |HnMMi that staggered j<^ta might 
form '‘sympathetic” cracks acroes the sound slab conti¬ 
nuing the joint, but it is not essential. 

‘’Dummy** groove joists are made similar to other joints 
except that the break in continuity of the slab is only 
about ^ to I of the pavement 
thickness and the lower solid 
portion, which forms plane of 
weakness, cracking during shrin¬ 
kage of the concrete. The wid¬ 
th of the groove is between to 
I' accor^g to the expected 
temperature changes and the spacings of the joints. Dummy 
groove j<^ts have advantage over (Jain butt joints that 
they permit continuous construction and provide certain 
amount of anchorage below the groove which is useful 
for the transfer of loads acroes the joint. 

Tongusd and Grooved joints are sometimee made in¬ 
stead of butt joints to prevent one slab rising rdatively to 
the adjacent slab and to enable transfer of load to take placet 
but the efficiency of these joints is doubtful Tie bari 
are also fixed in these joints as in butt joints. 

Longltodlnal Joints. Longitudinal joints are mmde 
when the width of the pavement is more than 8 to 12 ft. 
(with 15 ft. maximum). The width of a road slab should, 
preferably, be not more than 10 ft. Ihis width makes 
tamping easier and prevents the formation of longitudinal 
cracks; it also reduces shrinkage and warping straees. 
The joints may be of the dummy-groove type or butt 
joints (preferably latter). All longitudinal joints ^ould 
be keyed with d^ormed tie bars, as explained under ‘‘Load 
Transfer Device”, to hold the two slabs together. 

It is advisable to use a mix slightly d^icient in coarse 
aggregate near the joints to avoid risk of honeycombing 
at these positions. The arrises of the joints are carefully 
rounded to a radius of about f" with a suitable arrising 
tool about half an hour after the final tamping of the con- 
arci^ when the concrete has become rather stiff but before 
it has hardened enough to be unworkable Final edging 
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tKumaUy atiGoe^dn fimJ beltinc or brooming. As Ktod 
fta the jouit is fimBihed aiikd before it ia the joint 

shooM be tested with & 5 ft^ str&igbt-^ge pl&oed so that 
it extends on both sides of the loint. Ardsee ohould be 
wire bmahed heh^ sealing to remove surface l&itarLoe and 
promote good adhesion of the sealing compounds 

Lcnad Tnnafer Devic^^ Are used in joints of ooa- 
crete road slabs laid on snb-gradea of doabtfol bearing 
value sueh ss peat, clay, made ground, or in roads of very 
heavy traffic, Dowels are also required across all eontrac- 
tion joints when the joint spacing exceeds 20 ft. Round 
mUd steel dowels or tie bars are used which are placed 
halTway down the depth of the slab. They project hori- 
xontally from one pane] to the next. With transverse 
joints smooth bars are used of which one^half is embedded 
in concrete of one panel and the other half gneMod 

or pointed with bitumen to 
allow for free movement. 
The sliding or free end of 
the bar in fitted with a %fat 
metal cap about 5' long 
^ and slightly Larger in dia- 

-lya'ti meter than the bar to whioh 

it ie secured. The dosed end of the cap should be filled 
to a depth of abO'Ut 1 m, with soft compressible material, 
such AS cotton waste^ to provide space for the bar to move 
when expaneion taliee place. In the case of longitudinal 
joints cither deformed tie bara are used or they are hooked 
at the ends to have good bond in the concrete of both 
the alabe (and are not greased or painted). These bar® 
are J' to 1' (f' average) Ln diameter and 2 to 3 ft. long 
for transverse jointe where they are placed 1 to 2 ft. apart, 
and 3 to 5 ft. long for longitudUnal joints, spaced 4 to 5 ft, 
apart. The dowels nearest the ed^ of the aUbs afaouU 
be pli^ rioeer together say, 0 to 12 inches from the ends. 

Great care must be taken during constmetioa to keep 
the dowels in straight alignment otWwise there will not 
be parowr joint actioni; holding ( in position) devioca may 
to wted for the purpoee. Opinions differ on the lengtii 
Of doweli bat it has been established that the portioii of 
the dowel after the first 5 mohea embedded from the joint 
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fsoe plsys s negligible part. 

Dowel bars prevent any one panel rising relati^y 
to its neighbour and partly prevent warping and curbing. 
The load due to traffic wheels coming on to the end of 
each slab is partially transferred to the other slab there- 
by reducing the stresses. 

Joint filling Mateiiab for Concrete Roads 
A joint filling material must be oompreesiblo which 
will not extrude from the joint as the concrete expands. 
£xpaiuuon joints are filled in (within to 1 of surCsoe) 
with a strip of soft knot-free wood, impregnated fibre 
board, cork or cellular rubber. The most commonly used 
fillers are mixtures of asphalt (20/30 penetration) and 
saw dust or chopped hemp or coir. The joints are caulked 
up to a depth of about f' to T below the top of the pave¬ 
ment with hemp, chopped fibre board or saw diwt and the 
compound consisting of a plastic material, usually 
asphalt (heated) is poured in. Sand is usually mixed with 
the asphalt and is also dusted over it after the joint has 
been filled in and before traffic is allowed on the road. A 
typical j(Mnt filler mixture used on some roads in India : 
Sand 80%. asphalt 30%, saw-dust 7%, cement 3%. Joints 
should not be sealed while the concrete is still green or 
when it is damp. Joints should be fiH^ “P before the 
rains start and during winter when the joints are widest 
fciwt should not protrude more than on the surface. 

In order to promote adhesion it is advisable to prime 
the joints with a bituminous paint or cut-back bitumen, 
prior to sealing. These particular primers are not suit- 
able if a resinous sealing compound is used. Dry faces 
painted with kerosene oU also facilitate the adl^on of 
m^ten bitumen or any other bituminous emulsion used 
to prime the joints. Joints should be well cleaned before 

sealing work is done. . 

An extruding filler or excess material over a jomt 
which cause jar or bump to passing vehicles can be trimmed 
off with a sharp edged tool which may be heated to facili¬ 
tate its cutting action. When joints require replemshing 
of the 8<»ling material, all loose and foreign matter should 
be removed from the joint by scrubbing with hand brooms 
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of staff fibre or wire brushes. A spedficstion for joint 
sealing materials is given in B.S. 2499 :1954. 

SerMdIng and Tamping 

The surface of the concrete slab is brought to the 
specified contour by means of a heavy screed or tamper 
fitted with handles, weighing 7 to 9 Ito. per running foot 
and not lees than 3' wide and 9* high shaped to the cross 
section of the slab. The tamper or screed should rest 
about 9' on the side forms and should be drawn ahead 
with a sawing motion, in combination with a seriee of lifts 
and drops alternating with lateral shifts of about an inch. 
At transverse j<^ts the tamper should be drawn not closet 
than 3 ft. towards the joints and should then be lifted 
and set down at the joint and drawn backwards away there* 
firom. Consolidation by tamping should be carried out 
up to the time when the mortar in the mix just works up 
to the surface under the hammering. Three to four hits 
of tamper should be enough to brings the mortar. Too 
much tamping should be avoided. The loose concrete k 
laid to protrude about 1 in. above the side forms. 

The tamper is generally made of wood. Plain wooden 
sections will serve widths up to 15 ft. and if of greater 
widths they will have to be braced with steel bars for rigi¬ 
dity. An iron plate 3'x|' is fixed to the bottom of Se 
wooden tamper after the wood has been dressed to the 
required cross-fall. In two-oourse constructions a notched 
tamper will have to be made to oonsolidate the bottom 
course. Where the road is to be laid in a single bay, the 
tamper is made for the full width of the road plus V-G' 
for rest on the forms. Where the road wridth is to be 
in two bays, the Umper is made for the half road width and 
shaped accordingly. 

noatlng. After the screeding or tamping has 
been convicted the surface should then be floated with a 
wooden float board 2'.6' long and 3' wide. The float 
should be operated by a man sitting on a bridge made of 
a IJ' to 2' thick wooden plank spamiing the slab. The 
floftt should b© worked with th© long diin©nflion 5 p 4 n]l©l 
to the centre line of the road and it is drawn back a^ 
f®®'th m slow stretches about 2 ft. long and ^d *^wnring 
slowly from one side of the slab to the other. This wS 
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produce s uniform even surface on the concrete free from 
transverse waves. When a length of say 30 ft. has b(M 
tamped and finished it should be checked thoroughly wHh 
a straight edge and any differences of level over <»rrected 
immediately before the concrete has t aken its ini t i a l set 
The floated surface should then be finished by belting or 
brooming. 

Sorlaes Finish 

A smooth concrete surface is not suitable for a n i m al 
drawn vehicles. To obtain an exposed aggre»to effect 
(ron^ surface)* immediately after the surface has been 
smoothed off it should be lightly brushed with a soft hair 
broom so as to remove all laitanoe, surface water, etc. 
After an interval of 12 to 24 hours, dep endin g on the tem¬ 
perature, the surface should be well brus h ed with a stiff 
broom to expose the aggregate. If aggregate of uniform 
«w»j» of 1' or IJ' gauge are used and surplu mortar is brushM 
off subsequently, it will leave the stones slightly “proud 
on the surface. 

Smoothing Board. It is generally made of hardwood 
about 15 ft. long and 6' to 8' wide, and suppoi^ on a 
frume fitted with plough-handles. This is sometimes used 
after the concrete has been tamped to produce a sm(Mth 
oloee knit surface and to remove any waviness that might 
have been caused by careless tamping. It should be used 
with a sawing movement, transversely and forward at 
the same time 

Belt flniah The belt for finishing a concrete road 
surface is made of stout canvas, from 8* to 12* wide and 
at least 2 ft. longer than the width of the concrete stnp, 
with handles fixed at the ends. It is worked mth a com - 
lyiyy wl longitudinal and transverse movement until a smooth 
surface is obtained, but not so overworked as to cause 
laitanoe or an excess of fines to be brou^t to the eurfa». 
Final belting is done after the water sheen has disappeared 
but beforethe concrete has set. Belting princes a gnftj* 
non-skid surface. Brooming may bo done instead of final 
• bel tin g 

Brooming. The broom should be made of stiff fibre 
brush with a handle long enough to reach half way aoroes 
the slab. Brooming should be carried out immpediatdy 
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After tlie hADd floAting in case of dry mixv bat picfisnbly 
After the sarffioe has set. The bnM>m is drawn 

tnmsveiBeLy scroee the sUtb^ iLSnally once only in Aoet 
oasM, &om the centre outward, wmoh leavee the marks 
of the indiT)dii&l fibiee in the ooncrete. SborLog^ shnnld 
not be over 1/ld' In depth. A bendan eloth drawn 
orer the snrfsn wiU Also make the enrfaoe Don-skid. 
Cnrtnf 

After the ooncrete hie aufficiently set, it ehonki be 
covered with wet gonny ucka or canvas, or wet bay* for 
about 24 home and must be protected hem drying by the 
direct rays of aim or high winds. After 24 home the ooo- 
crete ahonld he kept wet either by pondiog or by a cover 
of wet Band or car^ not lees than 3' thick *Tid continiied 
for aboirt 14 to 2i daya. Curing can also be done by pm- 
prietary membrane coring oompaondls such as, c^enun 
chlorkla cr sodium silicate (eold by Thu Imperial Chemical 
Indnstries) or by spraying the surface with cold bitn- 
minooB emokion immediately after the imtia] set has 
taken place. Such methods art very uaefuL in water scar¬ 
city areas. Covering the surface with water-proof paper 
is very effective. (Also see under "Reinforced Concrete.”) 

COTTSStilig SUppeiy SnriaoBS. ,A ooncrete eurfaee which 
has become polished and slippery by traffic is a source of 
dangtf particolarly at ^p g^enta and turns, and 
especially when wet. Skidding prapertiH nan be removed 
by the appheatioD of dilute hymochlorio acid to the but* 
iiiM leavmg it for a few minutes, BOrubhiug the snifece 
with stiff brushes and fmaUy washing with water. 
A solution of 1 part of conoentrated hydrochloric acid and 
1 pert of fe applied at the rata of 1 gallon of sobtrion 
to about 225 sq. ft. of aurfaoc. More than one treatment 
may be given if neoesssry. 

Hsrtenli^ Coneivts Suifsees, Sec Section 8 
Opening to TrafQe 

be allowed on the finished sttrfece 
* '®®pfetion, where ordinary cement 
days whore rapid hardening cement 
Icore has been conaoUdated for the 
a been i^vided, it is advantageoas 
if fuacticablOj for about a months 


Ifo traffic should 
tiD after 28 days of ib 
has been used, and 7 
Is oaed. (When hart 
sub-grade or soling hi 
to aJ^w traffio ou it. 
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or cross fall easy be eitber otinred or 
It M difficolt to obtain a corred with work doM 

W Tibratitig miidiine. A crosa camber of 1 in 80 to 1 in 
72 may be giren. In dead leTeJ atretebM of longi* 
tnrfiTml crtMA fallfl bavA to bo pTOTided at tbe ^ 

dfMw irater into tbe guUiea. (See under * CSamtiftr or Cro** 
CiS” in tbe pagea flowing.) 

Kerbfl may be laid directly on tbe top of tbe 
netmg about 6 to 9 mohesH, in preferEffioe to at tbe aa^. 
TiiA of friVowi of tbe alab at tbe edgea doe to ea«e^ 
i^inp tbe e^ ia reduced, mere kerbs are laid 
by tbe eide of tbe slab, they are bedded in ooncreto to form 
the abutment of tbe mad, and require longitudinal jornte 
between the slab and tbe kerb, ^ch kerbe can then be 
lA aide abutters for tbe concrete and tbe lat^ can 
be Bcreedod foim them. Kerbs abould have ^ta 
tinuation of the tranaveree joints of the road 
korba give eioelleDt eervioe. Bdinimum aii* “ ® ^ ® 

0' below the mad level, edge rounded 3', In 8 * lengU^ 
1:2:4 concrete. Instead of kerba, roundr^ me^ 

of precast oonctete, 3'thick and of fall height of the foo4* 

paths above the s^b top may bo built, (See also 
"Brid™"). A oonoreto channel is formed in 
kerbe to guide the flow of storm water; eoe under Boad- 
side Gulliea or Inlete’\ Concrete kerb and chan^ are 
usnaHy cast as one piece. The h^ht of the kerb (mdo o 
tbe piece) may bo 6' and the width of the channel 1 -o * 


Bep^ to Conerelo fioadi ^ 

■Trpntii, oraoks and small pot-holea should be filled m 
with hot bitumen miied with aand after they have been 
thoroogbly cleaned. Clfianing can bo done by tompna- 
aed air. Hair-cracks ahould be opened out if aidee aie 
otherwise no attempt need be made to fpl them 
with bitumen whi^ will not penetrate into hair craw^ 
Shallow patchM not exceeding t' thick can be rep^red 
by ooatmg ih* suifaoe with a cut back ^ha^ or emul- 
igr ffi sfter it has been cleaned and covering with coarse 
sand or finatly enwhed stone flcreeuingH. DepresBions 
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iroiB to 1' CAC be patched with premxxcd bitamea and 
stone chips of sue to |' after the surface has been 
cleaned and primed. Deeper patches can also be fiUed 
in likewise and well rammed. Patches or pot-holes ex¬ 
ceeding I' in depth may he repaired with concrete- 'Die 
faces of the old oonerete should he thoroogldy deaned 
and wetted and giren a eoat of neat cement groat. (Some 
engineers do not favour a coat of cement groat.) The 
new concrete should be as nearly as possible^ of the aama 
mix aa the old and shall be ae dry as ts oonfloBtant with 
workability. The place to be patched should he com¬ 
pletely filled with concrete, slightly proad of the ecdsting 
adjoining snrface and tamped. After an hour or w, this 
concrete should be retamp^ to take up any initial ehrink* 
age. The patch should be thoroughly cored before traffic 
is allowed on it. A oement concrete mixture gaoged 
with lime (1 cement: I lime) may also be tried, itches 
are very unsightly and unsatisfactory. If the Horface 
shows signs of wear all over^ it ia best to pat on a thin 
carpet of bitumen. 

Where the slabs have settled due to defective Giib- 
gradee, the same can be remedied by grunting nnder 
pree&tire Ihrungh a scries of holes drilled not exceeding 
1 diameter, with cement and sand grout of the consiB- 
tency of thin cream. This will fill up Toids between the 
sub-grade and the elab and will also raise the slab up. 

Wheel Tracks or Tnckwayi. These are known u 
Creteways when mode of concrete. 

A width of 2 ft. (for each track) is quite aathdaotory 
(with 1^-6 mm.) for both fast and slow moving traffic 
keeping to the path, but widths up to 2'-9' are odopti. 
Distance between centre to oeutro of the track variet bet¬ 
ween 4'- 9* to S'-fll' depending on the prevailing axle len¬ 
gth. A 6 thick 1 2 :4 concrete slab wil] be required for 
traekwaye ou stabilized soil or well oonaolidated hard 
natural surface, 6' on medium baae» and a 4' thick sJab 
on wen rammed kankar or stone. These should be able to 
carry heavy cart traffic. Other general reqairemente ro- 
girding preparation of the aub-gi^e shonid be followed. 
C»ntmuoufl method of laying the concrete slab is preferable 
to alternate bay method. Provide exponaion joinU 
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wide at 45 ft. intervals with buU joints at 15 ft. centre to 
centre. Trackways are not likelv to receive much mam- 
tenanoe attention as they would be provided at remote 
plaoee. therefore, joints at closer intervals are recom¬ 
mended. 


Cement Grouted M a e a dam , r. u-fiuvt'* 

(See abo under “CemenUtion end Grouting Method 

in the Section on ‘‘Reinforced Concrete’*.) 

A coarse aggregate consisting of broken etone^ gravel 
or over-burnt brickbats of sire 2J' to 1^' ^ 

prepared and compacted sub-grade to the thicknere re- 
quir^ (adding for consolidation) between the forms 
and levelled by means of a template to the camber re- 
quired. If a little rolling is dcxie it will compact the ag^- 
gate reducing voids and thereby reduce grout consumpt^. 
Cue should, however, be taken tlmt no stone is crushed. 
A oement-sand grout in the proportions of 1 part of cem«t 
to 14 to 21 parts of sand with about 7 gallons of water 
per cwt. of cement is poured over the surface. The grwt 
must have complete penetration to the full depth, which 
depends upon the fluidity of the grout and the sue of the 
voids in the aggregate. Coarse sand ^t is citable 
for use with large aggregate and fine sand grout vath small 
Aggregate. Miffing of grout can be done in a tilting dnra 
^<^te muter or a Grout-mixer. For the same fluidity 
more mixing water is required with fine than with 
sand; with increase of water the grout becomes more flu^ 
within certain limits only, but with excess of water ^e 
rate of flow is retarded especially with «>^ 
Therefore, correct amount of water for a particular 
is eMcntial. The sand used is coarse sand aU passmg No. 
7 B. S. sieve and only 6% passing No. 100 sieve. U large 
size of aggregate has been used with much of vok^ a Uyw 
of }• shingle or broken stone is spread over the surface be¬ 
fore grouting. j • . 

The grout shall be poured until all voidea and mter- 

stioes are filled but there should be no excess of 
on the surface. At no time shall the grouting be ah^ 
of the tamping by more than 8 ft. Some enginrers prefer 
to roll the surface after grouting as the rolling after grat¬ 
ing pr^uces a smooth surface and brings up sufficient 
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gzont to cover the Aggregater luJt rolHng shoukl be delayed 
AS ktag as hardening of the groat inll pencit. 

Iq thia typo of work, poor aggregates Jsuch m ■ 

■ofl saiKlatonea, brick can be naed. This metnod 

is uaeful for baao oourso under ooncreto pavementa, 
tnifle roads or patka. There is a saving in cement from 
20 to £S % in admtioa to the saving in coat of atone, labour 
and time, aa compared to normal conatmction methodur 
A top finish of hard atone can b* given aa described be- 

Por a smooth finiahed wearing coat, immediat*^ 
after gnmting, a ooncrete mix. of 1:2^3 with graded 
aggregate of to |' with minimum amount of water, 
ahoold be placed on the sarface and tamped with a tamper 
and finiahed with a wooden float or a belt as required. 
Hand tamping produces little compaction but Icvelfl the 
surface well. The thickness of the wearing coat u from 
to 1J*. Care should he taken to see that a perfect bond 
is secured between the grouted base and the premixed 
Or altematively, after the grouting operation stone ohip- 
pings of site 3/ifl' to can be sprinkkid on the surface and 
forced into the surface mortar by tampng. Where a 
smooth finished Burface is not essent^ as in g^en paths, 
the surface may be finished with a long handled broom 
type brush. 

no c. ft. of cosne aggregate and from lOf to Ifi o^a. 
of cscTOcnt are used for 100 c. ft. of base course work. Joints 
should be made as for the premixed cement concrete Toads 
and same procedure follow^ for curing. 

Rdled Coacrete 

A mixture of pr&-mLxcd lean conoreto is laid on a 
prepared su1>^grade between side forms and rolled with 
a tight roller of 3 to 6 tons capacity, preferably of the tan¬ 
dem type. Proportions of concrete mixes vary from 1-7 
to I : 20 with sand contents varying from 2 to 4 times 
that of cement; the usual proportions being 1:2:8 with 
a water-cement ratla of 0.60, proportions of 1 : 2 : 10, 
1:3:10, and L : 5 : 10 with, water-cement ratio of 0-04, 
0.68 and 0.76 respectively- The masmnm sise of aggre¬ 
gate is not more than 2' for a 4' thick slab and this ptsT- 
Dute a slightly larger size of aggregate than with the oom- 
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mon method. The ^ n^xed concrete is ^ 
the s«b-grsde and roW before ““tial «et^of the o^e^ 
starU; a 60 ft. length of concrete should be laid mthm 
1 hour of mixing. Blixing is done in ““•!!!; 

11m roller should not be of a heavier weight than requ^ 
for the mix and the thickness of the sUb; a smaller thi<*- 
neas requires a smaller roller and a stiff a heaw 

roller. A heavy roller will produce comigati^ on the 
surface. The level of the loose <»ncrete ui kept | to 
ir in excess of the final required thickness to^w for ^ 

oompactbn. Expansion joints are not requ^ m a rolled 

concr^. Reduction of cement and sand contents re¬ 
duce the shrinkage properties. Transverse construe^ 
joinU are. however, made. As it is not possible to 
the concrete fuUy at the ends of 

metal is laid within 18' of both the edges instead of the 
mixed concrete and roUer passed over, -^is portion » 
filled with premixed concrete after both the sides have 
been rolled, and hand Ump^ \Miere the pavement is 
laid in two layers, the joints are stag^iw. 

This type of work makes a good ^ 
concrete or Sumen pavement [or hc^vUy 
fnA one course pavement for bght traffic roads. Rolled 
concrete can also be adopted for impr^g or upgrading 
sn existing water-bound macadam. There is a great 
saving of ^ent. sand and time for U^ng ovw ^^e 
venOonal method of tampi^ or vibrati^. 
by rolling gives a greater flexural strength which is m 
advantaS to resisting soU movements, especiaUy clay s^ 
and thsTis done at much less cost for equ^ stre^. 
Abrasive resistance and 

of a road pavement have to be h^h but the loww layer 
may be an inferior type and this is taken advantage 
of to the above types of low cost co^ructwM. 

Cement Bound Macadam (Sandwteh method) 

The method of construction to to spread a 2 mches 
thick Uyer of single stoe stone of ™ 

(some eigtoeers prefer to use 8«ded stone betw«^ 2 
to r ) it one or two runs of 

Oment mortar of 1 :2 or 1 : 3 and of the 
of a bricklayer’s mortar to spread over the surface (pre- 



18/128 UTDIAN r&ACnCAL CIVIL KKaUVBBRS’ HANDBOOK 


viottsly moi»t«ned) 1*' to 1' thick And on this another 2' 
layw of aimUar atone ia spread. The whole is then rolled 
again working from the sidee towards the crown. The 
roller should preferably be of the tandem type. During 
rolling the mortar gets pressed into the voids of both the 
la^^ra and u rolling proceeds, excess morUr works to the 
aurf^ which is brushed uniformly over the surface. 
Bolling and brushing continues until a uniformly sealed 
surface ia obUined. If stones are picked up by the roller 
wheels they may be slightly damped. This Wui make a 
smooth surface a^ if a rough surface is desired, as on steep 
gradients for animal traffic, surplus mortar should be 
removed by brushing. If the road is proposed to be used 
for pneumatic traffic, a top course of rich concrete mixture 
(1 :2 : 3^) about 1' to ij' thick of hard stone aggregate 
may ^ given. In this case the rolling on the 
should be stopped as soon as mortar cornea on the top 

20 to 25% of cement 
^ 10% of stone over the usual method of construction 

I? ^ *wid supervision 

Utihty IS the same as for the other types of low cost cement 
concrete roads deaenbed above. The two 2' Uyera of 
stone wiU TODSoli^te to 3*' and wiU need 110 o. ft. of 
stone per 100 c. ft. of consolidated thickness. 

17. GRAVEL, KANKAR, BRICK AND SOIL 
STABILIZED ROADS 

Grtvel Roads 

Gravel ro«<U m a l»^ of compacted gravel graded 
from fi^ to pebblec contammg binding .tuff (cUv) in the 
fine. They are generaUy bnUt in two couraM, foundation 
eourro and jmrf^ oourae A thidene* of about «' a 
required for Imht traffic and about 12' for heavr trafTio 
but rooh ro^ are anitable only for light traffic The 
nte and grading of the graveb ahonld vary from 2* .( 
the bottom to j; at the top. The p«^rtion rf fin^ 

aboutlO to 15 per 

^ ehouW be TOfficient to fill the voids in the mveb 
The rand rontent in the fine. «hoold be at least tS^ « 

‘C**li'5L?’* consolidation ofXv“ 

should be done m Uyers not exceeding 4' thick. ^ 
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Kankar Roads 

The ^•^r^ktLr should be hard, tough and free m>m earth 
sand. A good specimen of kankar available in the 
south will show a brownish fracture. “Bichwa” kankar 
as available in the Punjab and U.P. should show a bluish 
surface on fracture. For road work the kankar is broken 
to gauge varying from f to 2J' and the largest size is 
used for the bottom layer and the smallest for the top. 
It is gauged as follows :— 

(*■) The whole passes a 3'in. sq. mesh screen. 

(*i) Not more tlum 20 p.c. is retained on a 2J-in. sq. 
mesh screen. 

(m) Not more than 10 p. c. passes a l-in. sq. mesh screen. 
(*c) No quantity passes a J-in. mesh screen. 

Soling may be of bricks or kankar. The kankar is 
generally spread in 6-inch layers. Two parallel mud 
walls. 8' wide and 6' high are made of well puddled clay 
along the outer edges of metalling to confine the met^ 
and prevent its spreading under the action of rammers. 
TempUtee (made of wood and of the road cross-section) 
having bottom member of a depth equal to the unoon- 
solidated thicknees of metal, should be placed at distances 
not exceeding 50 ft., truly horizontal to ensure that both 
sadea of the road are dead level. 

After the has been spread it shall be flooded 

with water till the water fills all the interstices between 
the kankar. Bamming shall be effected by not leas than 
16 men and a leader on s 12-foot road, and by not leas than 
12 men and a leader on a 9-foot road. The gang shall 
be formed into two rows close together and first 

ram the haunches working parallel to the road over a 
width of 3 ft. on each side. They shall then ram the 
central portion of the road working at i^t angles to the 
rtMMl. All ramming shall continue until the surface has 
been thoroughly compacted and no marks are left by the 
action of the rammers. During the whole proceas of 
ramming the stirfsce shall be kept well watered. The 
tame allowed for ramming, shall not exceed three working 
days per furkmg of road length. Not more than one 
furlong of the road should be under operation in any one 
mile at one and the same time. 
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CbnaolidAtioD of k&nkftr metal is now done bj Ugbt 
weight road foUars and hae been quite suecessful. 

When tnfTio ia allowed on a newly consolidated nad 
it flhaU be spread over the full width, axA is generany done 
by placing tree branches orer the track. 

Repairing Oid Kai^r Eoait 

Xf the thickness of the crust eioeedB 4' the whole of the 
old auHace ahaU be picked up to a depth of and the 
foughenod aurfaoe r^ed true to template. If it ia 4* oi 

the surface shall not be picked np bat nh]i.H be aeored 
acroea with crisS'Cioes lima. The erias'Cioee lines aball not 
exoeed 1 in. in depth and shall be 9 mchea apart. If th« old 
surface is badly rutted the higher portiom aball be exoa^ 
vated to snob a depth u wiU ensure, when the exeaTiited 
laaterial is filled up in the depressons, that the depth of 
the looeened surface is uniform. The old metal shall bo 
screened and good metal used up again. Other genenl 
specificationa given for water-bound macadam roads 
should be followed. 

Surface dreadng on kankar roads with tar or bitumen 
baa been quite sueccBafuL It can take much beaTier 
traffic and LDcreasea the life of the road oonsiderahly. 

Brisk PBTamsnu 

In town etrceta for bght traffic, can be made with biie k* 
laid flat or on-edge ever 2 to 3 inchea of rammed baUaet 
or lime ooncrete well eonsoUdated. Ericks may be TmH 
while the concrete is etUl green. The soil ehould be 
well rammed and broi^ht to camber or proper 
If bricks have to be kM on a previously placed or exis¬ 
ting hard surface, a sand cushion of I inch is laid andcx 
the brick pavement. The sacul used should be coarse 
Bricks are laid with their length along the width ef the road 
with jointe evenly spaced, pamllel and at right angles to 
the centre line of the road, adjacent layers breaking joints 
with a 9-iii- wide proffle at right angles to the length of 
the street, at S to 9 feet intervals. Edging is with 

bricka laid parsJlel to the road. At curv« the bricks 
should be laid in rsdisl ooa™ tranaverBe acroos tbe 
roadway, aBowing at the outside of the curve a joint space 
between each eooiee not exceeding Where the jocnta 
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exceed }*. the bricks should be bud in more than one oourse 
leaving a space in beta*een and in this intenreining space 
the bricks should be laid longitudinally at right angles 
to one of the transverse courses at each successive closure. 
At crossings double diagonal or herring-bone method 
should be adopted. 

The bricks should be set on a bed of cement mortar 
and joints filled up flush with mortar. Joints should be 
as fine as c.an b 2 laid. Or alternatively, the joints are 
fOled with bitumen and dusted with sand. After laying 
the pavements should be thoroughly rolled with a tandem 
roller of 3 to 5 tons weight. After final rolling the pave¬ 
ment shonld be tested with a straight edge laid parallel 
aith the kerb, and any depressions exceeding shoiM 
be corrected. Camber should also be checked for drain¬ 
age. Portions of the pavement inaceessiblo to roller should 
be tamped by a hand tamper applied upon a wooden 
board. 

Bricks for pavings must be well burnt or slightly over- 
burnt and hard, and need not have ‘frogs’. Bricks can 
also lie laid in header and stretcher bond or Herring-bone 
bond. Herring-lxme bond gives a smoother riding sur¬ 
face. A paint coat of bitumen or tar with chips or a light 
premix carpet can l>e laid over bnck pavements to give a 
smooth riding surface; the same treatment can be given 
where the surface becomes uneven by traffic or settlement 
of the sub-grade. It is advantageous to blind the brick 
pavements occasionally with sand or earth as it will pre¬ 
serve the bricks and also provide a smoother riding surface. 

See also under “Brick Soling” and “Brick Metal.*’ 

SOIL STABILIZED ROADS 

(This subject has also been dealt with in Sections 
6, 7,17 and in earlier articles of this Section.) 

The three main oonstitutenta of soil—sand, silt and clay, 
rarely occur in nature in a pure or “stabilized” form but 
have limitless combinations of proportions. By “stabi¬ 
lized soO” is meant that the di^erent constituents of aoQ 
are mixed in such a proportion that the properties of the 
resultant soil produced are more resistant to weathering, 
and the load-carrying capacity is considerably increased 
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and the soil ii maiotained in a hkh state of stability. Moat 
soils, to be sUble, tfrquiie the addition either of fin* or of 
oouse material so that the proportions of particles of dif¬ 
ferent aiies fill within certain limits. A large number of 
80 ^ when well compacted and at a stiitabl* moisture oon- 
tent have good load bearing propertiea but become un¬ 
stable if their moisture content is incneaBed. To achieve 
ideal mechinical stability it is ne<saBary to have a 
proportioned coarse material (having a particle aiio dis^ 
tribulion giving a high dry density), toother with some 
fine binding material such as day. Shear strength of a 
graded cobeaionlesa soil is greater than that of a sod where 
the particiea are of a uniform sia*. Numerous motho^ 
have been prescribed for determining the pioportioua in 
which materials of known siies must be miied to pro- 
dneo a apecified siie distribatiom Mii-m-pboo method 
baa usually to be adopted. 

As a rough guide, an intimate and compact mixture 
of the following will make a etabiiLted soil 

It will usually be suifl' 
Clav . . * 5 to 10% oient to have T0% sand 

Silt *. 10to20% and 30% clay (or 

Total sand .*70 to 85% and day together). The 

COoareesand) „ 16 to 26% percentage of day end 

^ By weight »lt mixed is equal to 

the percentage of voids 
in the sand* 

From 45 to 60 per cent sand should be retained on a 
No* 60 BJS. Bieve. The day content should be more in 
areas and less in wet tracta. 

If aiEzresate is also used, the proportions may be 

The aggregate ia { in* 


Silty clay 

Sand 

Aggregate 


18 % 

45 % 

37% 


down to in. w'eh graded. 
Sand is 85 per cent paas- 
ing No. 7 B.S. Bieve and 
none passing No.200 fijave. 
Another propMtion recommendm is ;— 

3a per cent of stone graded from | in* to in. The 
material passing | in, might ehnw &0 per cent passing m. 
B-S. sieve, 65 per cent passing No. 7 sieve, 50 per cent pass¬ 
ing No, 62 sieve and 16 per cent passing Ko, 200 deve. 
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Ano4h«<f iimple gradation for stAbilizAtioo :— 

Hftx. particle aise 3-in8. graded down. Not more than 
5 per oeot ahoold be retained on S-ina. aiere. 

Filming No. 4 B. S. sieve .. 40 to 45% 

„ No. 40 „ .. 15 to 100% 

M No. 100 M .. Not more than 50% 

A higher proportion of the finer aizea is required in 
the anrfkang than in the base to waist in the retention 
of moisture neoeesary for ocdieaion. Before a soil can be 
improved it is very essential to determine its clay contents. 

The percentage passing the No. 200 sieve shall be not 
more than one-h^ of that passing the No. 36 sieve for 
bas es , and two-thirds for surfacings. 

The following particle-size distribution for bases aT>d 
surfacings of hmuis are suggested by Road Research 
Laboratory, Harmondaworth :— 


I Psreentage passing 



_ 

Bass 


Surfsoing 

Base or Surfso¬ 
ing 

B.8. 

MTt 

Nominal max, siae 

_ 

Nom. max. 

Bias 

Nominal max. 

sias 


S-in. 

l|-in. 

l-tn. 

f-in. 

l-m. 

A in. 

1 in. 

100 






liin. 

80—100 

100 

— 


— 


i tw. 

60—80 

80—100 

100 

100 



4 ia* 

43—65 

55—60 

80—100 

80—100 

100 



30—50 

40—60 

60—75 

60—85 

80—100 

100 

No. 7 


30-50 

35-50 

45—70 

50—80 

80-100 

No. 14 

— 

— 

— 

35—60 

40—65 

50—80 

No. S3 

10—30 

15—30 

15—35 



30—60 

No. 5S 

— 

— 

— 

70—40 

20—40 

20—45 

NO.S00 

5—15 

5—15 

5—15 

10—25 

10—25 

10-25 


Not lass than 10 per oant should bo reUined between each 
pair of suo e e s s i vs sieves speoifled for use, excepting the Urgtat 
pair. 

The two smaller sited materisl (i-in sad ia.) 
hsva up to 33 per cent of stones not tsx^r thso ll-io., provid. 
rd thst the msterial passing the In. sieve is within thr 
limits spsoiiled. 
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Where agg regate ar« osed far Btabiliutioitj it haa tieefl 
sQggested that weeJc aggregate is to be preferred because 
it will break down uoder oDDipactian to give a size distribii' 
tion more closely approaching that required for maximuni 
dry density* Adequate oompactioa is e^ential for me^ 
chanicaJ stabilizatiori. It is important to ensure that 
the initial deTtsity of the soil ia uniform throughout the area 
to be processed i^ce uneven initial density will result in 
depresidons and bumps occuring in the finished surface^ 
Where a twchcoiirse construction is used, good compac¬ 
tion of the base couree can be obtained if it Is used by 
trafTic for some months before the surface coat is applied* 
In such cased calcium chloride has been found to facili¬ 
tate compBJCtion and to preserve the stability of a base 
when used as a surfacing. 

liquid Limits and plasticity indices have to be kept 
within certain limits according to the properties of the 
materials used and the climatic eonditlons* Sach limits 
have been laid down or recommended by many agencies 
accorduig to their own conditions which are strictly 
applicable to all the cases. It is, however, considered that 
for cohesive soils the liquid bmit should not exceed 40 per 
cent and plaeticity index 18 per cent. The higher liquid 
limits and ploatioity indices are desirable in the aarfaeing 
in order to provide greater cobesion and to help offset the 
moisture lost by evaporation but soils with high plasticity 
indices are not euitable for sub-grade or haoe courties for 
which the PI may not exceed fl. If plasticity index is 
hjgber than required by design* more sand is added to 
bring it down. If it w lower than mure clay is 

In the case of heavy clay soUb, e.^., blaek cotton soils, 
improvement can be had by sprea^ng sand on the top of 
the soil* which is not i^ed with the soil, and blondii^ fa 
achieved by the combined action of traffic and weather, 
A layer of i-un to l|-ins. of ooarae sand or dndera or slag, 
just before the rains also improve the riding quaKties of 
a clay eoU. 

Salts in Sells. Preuence of detrimenUl solte In harm¬ 
ful quantities have also to be determined. Salta of sodium 
sulphate or sodium carbonate are considered detrimental 
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to soil stabilization as they make the pavements soft and 
fluffy during winter. A 6-in. layer of any sharp (pure) 
sand interpoeed under a road crust of stabilized material 
wiD prevent the rising of salts in a salt effected area. 

If the local soils are fine grained and suitable soils 
for mixing with them to produce a well graded stable soil 
are not available within economic distance, insoluble 
binders such as cement or bituminous materials are mixed 
in small percentages to stabilize the road crust. Such a 
crust has, however, no appreciable abrasive resistance 
and a (black-top) wearing surface has to be provided. 

Stabilization of a soil can be judged by mixing the 
soil in correct proportions, or with cement or other stabi¬ 
lizer, and compacting the mixture at a moisture content 
thought to be suitable for rolling, into a mould which is 
let to dry. If the mould hardens satisfactorily the sofl 
mix is likely to be suitable for stabilization. 

To prepare a site for stabilization work, the top soil 
is removed, drainage provided and the ground shap^ up 
to its formation level. The sub-grade is thoroughly com¬ 
pacted before the stabilized soil is superimpoeed on it. 

SoD Stabilization with Binders 

Cement, bituminous materials and sodium silicate 
are generally used as stabilizers or binding agents for na¬ 
tural soils. 

Stabilization with Cement 

Most coarse-grained soils and many fine-grained soils 
writh clay contents not exceeding about 30 per cent can 
be stabilized sucoeesfuUy by the adkiition of 5 to 16 per cent 
of cement. The material produced by the addition of 
cement to the soil is term^ *‘aoil cement*'. It has the 
appearance of very dense soUs, it is hard and does not 
readily dust, but has only limited resistance to abrasion, 
and forma a “flexible*' rather than a“rigid'’ construction. 

For gravelly or sandy soils 6 to 10 per cent of cement; 
for well graded sandy clays—9 to 10 per cent; for silty soils-^ 
8 to 12 per cent; for clayey soils—10 to 14 per cent of 
cement is usually required based on the dry soil weight. 
Urn higlwr the clay content the more cement is needed. 
The percentage of cement giving a oompreasive strength 
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(for road work) at 7 days of 250 lbB./Bq. in. is usnany 
canted aa sfttbrfftctoiy nuniirnim. Teat cubes or cylinders 
are miule for measuring the cruakmg strength. For moat 
soils, mcrcaae in cement cqatent increaeoa oomprBasiTn 
strength of the eoil which is more with sandy soila than 
with clayey soils. Soils with which thia doea not oocrar 
are generally unsuitable for use in aoil-oement ooostruo- 

tio^- . I * 

Type of soil is the moat important factor m soil-oenifiat 
stabilization ns cement does not set in all the soils. Peaty 
soils, heavy clays, highly OTganic aoila euch as Bgricultnfal 
top sods and soils containing salts of eulphates cannot be 
BUCoeaafuUy treated with cement. (Some eiperimcnts 
haTe indicated that addition of 5 per cent or more of 
cement makes the soils resistant to the action of oodium 
chloride and sodium aulphate uaJte.] The organie matt^ 
in the aoil should not exceed 2 per cent. The organic 
ixL&ttor content of the soil ia determined by the dichronkate 
oxidation methodt or the soil is treated with hydrpgen- 
poroxide ajid the losa in weight of the soil gires the or- 
gooic matter contents. 

The soil ia crushed, sieved^ mixed in the right propoT' 
tions and collected in regular and uniform stacks. The 
quantity of water required per stack to bring the moisture 
content of the aoil up to its opthnnm moisture, making 
due allowance for loss by evaporation and absorption, 
etc., is added uniformly over each stack and the moist 
soil let to stand for 24 hours (or at least overnight) before 
oement is added. 

Mixing of the soil and cement is done either with the 
soil con^etably wetter than the optimum moisture or 
with very dry soil. Ordinary ooucrete mixers may 
bo satisfactory for granniar Bods but they are not saitabla 
for the more cohesive types of soil because the material 
sticks in the drum. With such soils, the roUer^pan type 
madimes, double paddle mixers and pug mills may be 
used for mixii^ on the site or the cement may be ploughed 
into the soil with the aid of agricultural implements. WWo 
oement is to be mixed by band, the reqiced quantity of 
cement is spread over the stack and hand miring carried 
out by QUtting the statk: with apadas and mixing till a mix 
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of tinifoTTu colour a oVtaiaed- The soil ia during 

miiLng aa required- water ahouM bo weU distributed 
thmuffhout the soil so that there wfll bo no dry plsoea where 
oement cannot hydrate. Conaolidatwa la carried out a^t 
somewhat above the optimum moisture content which 
usually gives the highest deusilgr and tluB also pro^« 
adequate water for the hydration of the oement. It u 
generany considered that with cohesive soils the moistore 
oontent selected should be one or two ^ oent beW that 
at which the mil begina to "push” under the roUor. An 
approxtmato estimate of this moisture oontent oan be 
obtained hy maJdng a plaatio limit test on a sample of the 
Bod-oement mixture. The soil-oement ^onld be 
in poaitiou for immediato oompaotion within f hour ufto 
the cement has been added. Hot more aod aho^ 
handled at a time than can be mixed and compacted within 
three houm. Good compaction is ^ntial for obtai^ 
high strength with eoil-cement which ia best obtamed by 
pneumAtic or flat roEera. ^ j j 

After compaction the soil-cement is cured nndcf 
humid oonditionfl that prevent drying of the eur&w during 
initial period of the development of strength. This can 
be done by covering it with 2 ins. of k% straw or go^y 
bago and keeping theeo moistened for at least 7 days ^er 
which water sprinkling is continued for 28 days. 
mixture sots in 7 to 28 days to give a materi^ that is 
and reeistant to the diantegrating effeote of water* Tto 
drying of Boil-oement usually leads to fine Bhrintage craots 
on the surface which are not always injuries. 

The following ^adatlon with 6 per oent of oement by- 
weight of the dry soil wUJ produce a stabiUied »a 
Clay . * 8 to 16% Plasticity Index 8.6 to 12.0 
^ —* (See also under “Stabiliied 

Soil for Building Oonstmotki'n^* 
in Sectinn 7.J 


8Dt 

Sand 


.*12 to 25% 
„60 to 80% 


Particle-size distribution with granular sods 
Maximum size *« *» .. 3 ids. 


Passing in. B* S. Sieve 
Passing Ho* 3fl B* S* sieve 
Passing Ho* 200 B* 8- sieve 
Finer than 0.002 mm. 


.* above 60% 
. * above 15% 
.* below 60% 
.. be3ow30% 
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A i»ofl*ccment buQt at site gives only about 60 to M 
per cent strength of the same mixture made and tested in 
a laboratory. 

Average Compressive (Cracking) Strengths of Soil- 
Cement Mixtures in Ibs./sq. in. 


Type of toil 

Sand 
content 
per c«ii 

LX. 

P.L 

Compreaaive strength 

Cetneni content 

5% 

10% 

J0% 

Sandy loam 

S4.5 

si.e 

6.3 

1024 

2393 

3047 

Loam 

43.1 

19.7 

10.7 

1322 

1608 

2504 

Silty loam 

IS.9 

26.9 

9.4 

830 

1109 

1806 

Silty clay loam 

11.5 

36.7 

16.2 

1233 

1650 

2895 


(Baaed od the a x pe rim anta oarriad oat at the P.W.D. Reaearch 
Laboratory, Kanial. Punjab.) 


Stabilization with Bltnminoai materials 

Earth roads can be improved by 8 pra 3 ring the dry soil 
surface with a stabilizer such as as^^ialtio and cut-back 
bitumens, oQa, tars or emulsions, in small quantities. This 

E rocess is successful in hot and dry climates but soils with 
igfa moisture content cannot be stabilized by this method, 
results are obtained on weD graded soils. The road 
is first shaped by grading and the binder is then usually 
applied in two or three equal distributions totalling about 
1 ^./^. yd. so that the binder penetrates about ^ in. to 
1 in. into the soil. The applioationB are separated by 
about a week. Tbe more porous is the road surface the 
more viscous the binder and greater the rate of apphoa- 
tkm. It is preferable to blind the surface with a U^t 
dressing of ooiuse sand and then lightly roll. 

The main use of bituminous stabilized soQ for roads 
has been in the constructioii of bases for lightly trafiidced 
surface-dressed roads.. Tar and bitumen are equally 
suitable; more careful control is required with tar thMi 
with bitumen. 

Another particle-size distribution is :_ 

More than 50 per cent passing a |-in. BB. sieve, 36 
to 100 per cent passing a No. 36 sieve, and 10 to 60 per cent 
passing a No. 200 sieve. 
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Typicftl Partide-aiae DiatributioriJii of Soils fo? Bitu- 
miDOUH Stabiliiation as Recomniendi'd by the HigoT^ay 
jt,^8eaTcb Board, America 


Porcentago passing 


B. Se Eiev4 

1| .in, max, vixfl 

l-in, nvAX'*™ 

|,m. ICAX. ■!« 

in, 

1 in. 

4 in. 

Ain- 

Nu. 7 

No. ^ 

No. 100 

No, 200 

100 

90—100 

05—00 

40—05 

25—50 

15—30 

10—20 

8—15 

100 

90_]00 

50—75 

40—50 

20 — 35 
13—25 

10—Ifl 

too 

SO—100 

eo—80 

30—so 
20—55 
13--30 


It i* Atated that the caatenw pasutg - 

should not be 3e« than 40 per 

B.S, -iova. The th« 

ia no eaee b« moiti than 60 per cent and 

fiO per cent of the fraction pa«ng the ^^>. 3« neve- 

site BecounalsiMice sod lD¥«*tig»Uon ol SoU 

Hi. general topography of the wiD P« 
indiratioa M to whSier the K)il conditions are ^ 

be vanUble or not. A chsnge in the ^'*'‘“^“>'',^^‘*“ 5 ^ 
» m*U nraa may mdiento m important chwige m 
eoil. A idngle line of borings at interYals of ^ 

along the centra line of the road abgiwcnt 
line effiet 60 or 100 ft. on each side mU “““l"?Jj! 
dent. The depth of boring cho,^ 4 to 6 ft. ^ 

enetin* Iwol or finished formation le«l, ™ 

with occasional deeper 1 »™S“- to 

bankmente, boring shonld be to . depth 
twice the haght of the embentanent if there ». * 
lity of soft Material underl>-ing it. fcvestigetion of the 
depth of sub- 9 oD wat^r level la veiy important, 
CoasoUdaUoQ or Compaction , 

{See also under “Earthen Embankmeuta ^d Dwno 
in Section 17 and deKrib^ ™ 

Consolidation is a proceffl in which the sod la 
pressed under load, to& are redu^ (by the 
of water &um the pores and eipulMou of air ™ 

voida) and the Boi2 T»rticke are packed eJoBor. The prso- 
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tical object in cornpacting soil ia to obtain & bjgb dry den^ 
Gity. CompactaEPiTi improvea ths properties of the soilt 
its sheaTing strength and bearing capacity are increawi 
and its ability to absorb water is decreased. 'Hie com¬ 
paction of a bdH ia measriied in tenns of its dry bulk den¬ 
sity or the amount of solid matter in a unit mass, tn- 
craased compaction results in increased dry density anti] 
the 'TDiume of air reraaining in the soil is so reduo^ that 
further compaction produces no aubstantla] change in 
the TDlmne. Too much of rolling disturbee the structore 
of the soil. 

To achieve high density the soil should be compacted 
in thin layers. One of the most important factors ia the 
moisture content of the eoil. Greatest efficiency is obtain¬ 
ed from the roller when the moisture is at its optimum 
vahic. It iH inadviHible to compact cohesive soil enb- 
grades below their optimum moisture content in cases 
where they are likely to be subject to the ingress or moia- 
ture. A Ught roller on a dry ooheaive soil may merely 
ride over the top end little ^ter the soil stnicturew In 
general, the heavier the roUer the better the oompaction. 

Any filling if adequately compacted need not be left 
to '‘weather ” bcfoire the pav^fment is laid over it. 

Base course and ^ub-grade of cohesive soils are rolled 
with aheepsfoot roller. For dry clays with moaituTB con¬ 
tent about 8 per cent less than the P.L., the aheepafoot 
noHer gives the highest densitjes. The loUing ia fidahed 
off with a flat three-wheel roUer 5 to 6 tons in weight. On 
an average about 80 trips of .the roller (aheepsfoot) aie 
required to consolidate a 12 ft. width of the road. Wearing 
course is roiled with a 5 lo 6-ton flat roller. One roller a 
capable of doing one furlong of sub-grade, base ooniBc and 
wearing course per day. 

On some of the cohesive types of soile, compactioa is 
beat effected initially by a pneumatic tyred roller, followed 
by a smooth-wheel^ rolleT to give the final shape and 
rmlah. Power ram mem are scitoble for small areas, 

SoU Stabllizaticii La water-dogged aw as 

Where the sn^BOil water level la high, the sub-grade 
cannot be roDed with a heavy roHer. {i^oepfifoot roller is 
not used.) Where the bearing capacity of a boU is lowj 
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with * heavy roller, the rolvgfade irould be lift^ m npplK 
as the roller passea over it ctesting boggy <»^tioa3. m 
such eases the sub grade should be rolled with a rop^wd 
number of rollmgB with a light loUer, wy about top* 
Measures like rolling ballast into such a sub giade to in¬ 
crease ita bearing capacity have been described ea^r. 

Earth Roads* The camber and grade of an eartn roao 
Lb maintained by means of a food-dmg which is dragged on 
the road Burfaco when necessary* Road drags “ 

wooden pieces braced together and drawn by buUocks or 

horses* 

Roads In Sandy Tracts 

Tbe following measures can bo adopted in order to 

provide a firm road anrface ; —' 

(<) One ft* layer of good soil on top. 

(it) Where much go<^ earth soil is not available, a goc^ 
road can bo made by a G-ms, thick layer of roUs of jun^e 
brushwood with 6 ins. to S ins. of good earth on top. Brush¬ 
wood bnndlw are laid diagonal to the road surfew* 

(«i) Spread sarkanda, long grass, or some sim^r s^f 
in a layer from 3 ins. to 6 ins. thick loaded with good 

earth at both ends* , 

(irl Wheel trucks of concrete or bncka : Concrote 

trucks have been detailed under "Concrete Roads For 
brick trucks the bricks may be laid flat or on «%e ^tly 
on the consolidated sub-grade or ou mada 
acooiding to tbe tramo conditions* The jointo 
bricks may be left {' and sanded within 1 on the top and 
then grouted with hard bitumen or Gene^ pmusplw 
of la^g H* given under "Brick Pavemento ^uid ^ 
followed? Si» of tracks has been ^ven under Coacrets 

'lVackwayB^^ 

Roads In gallar TrftOtl ^ ^ ^ « i. n 

A tolerable kuchha road can be made if 1 ft- of ka^ 
aoU is removed and «in^. of earth is put over 6 ms* of good 

18 * DESIGN OF PAVEMENTS 
The design of a pavement is governed by tre^o dp- 
aty, »*«*, the number of vcycles ^ d™g 

hours, and the roammum wheel load* The daily 
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traffic volume is about 8 to 10 times the maximum hourly 
volume. Character of the traffic and the speed of vehicles 
are also major considerations. Rate of traffic increase 
is ordinarily assumed to be 5 per cent per annum exoept 
in the rapidly developing areas. 

DtnaUy of traffK is sometimes defined as the volume 
of traffic per ft.-width of carriageway. 

InUiuixty of traffic is expressed as so many tons of 
traffic per ft.-width of carru^way per day. 

The following standards have been framed by the 
I.R.C. for dimensions and weights of road-design vehiclea 
for the design of road components such as, width of traffic 
lanes and Moulders, clearance to be provided in designing 
roads under bridges, electrical service lines and other 
overhead structures, horizontal curves, vertical curves, 
sighting distances, gradients and thickn^ of pavements. 
The folloadzig are the maximum dimensions :— 


Overall width .. .. ... g».o* 

Overall height-single-decked vehicles ... 12'-6* 

-double-decked vehicles ... 16'-C' 

Overall length : 

(а) single unit with two axles ... SS'.O' 

(б) single unit with more than two axles ... 40'-0' 

(c) semi-trailer-tractor combination ... 60'-0' 

(d) tractor and trailer combination ... 0O'-O* 

No axle load shall exceed 18,000 lbs. 

Width of Pavements (I. R. C.—Min.) ; 


12 ft. (Single lane) —plus 5 ft. berm on each side. 
22 ft. (Double lane) 

30 ft. (Three lane) 

Width of pavements at level-crossing approach roads 
up to a length of 100 ft. measured outwards from the gates : 
22 ft. (Single lane) 

32 ft. (Double lane) 

For hill roads : (Min.) 

16 ft. for single lane 
24 ft. for double lane 

Min. land width necessary for various classes of roads 
(exdnaive of land required for borrow pits) : 
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Min. *Normal desirable 


National Highways I,'SO ft. 200 ft. 

Provincial Highways 100 ft. 160 ft. 

District Roads 66 ft. 100 ft. 

Village Roads 25 ft. 60 ft. 


^Includes land for borrow pits. I^nd width is the 
total width required to accommodate roadway, berms, 
dnuns, width reserved for future developments. 

In a recent conferenee held in Paris on accident 
statistics it \ras considered that the width of the road must 
be adequate for the amount of traffic: outside built*np 
areas, a two-lane road is adequate for volumes up to 6,000 
vehicles per day, a three-lane road is adequate for volumes 
up to 10,000 vehicles per day and a four-lane road is adequ- 
: te for volumes up to 20,000 vehicles per day. Three- 
lane roads offer only limited advantage over the two-lane 
roads, and are un.safe where the passing sight distance 
cannot l>c provided. Four-lane roads should invariably 
be provided with median strips. 

According to the experiments carried out in America 
the basic (max.) capacity of a two-lane road is 2000 passen¬ 
ger vehicles per hour, all moving in the same direction 
and none in the other, or KMX) vehicles in each direction. 
The basic capacity of a three-lane, two-wray road is 4000 
vehicles per hour as the centre lane of the three-lane road 
enables vehicles passing in either direction. This is 
under ideal conations of a straight road when all the 
vehicles move with the same speed of over 30 m.p.h. 
with no slow moving vehicles to cross. As traffic volume 
increases, top spe^ d e cr eas e s , capacity also decreases 
with decrease in speed. The maximum capacity of a 
two-lane road, under above stipulated conations, is cut 
to almost half when vehides speed is decreased to 10 m.pJi. 
At 30 m.p.h. the minimum spacing of vehicles centre to 
centre is about 80 ft. whereas at 10 m.p.h. it is 45 ft. 

Traffic capacity of a two-lane road (at peak hours) 
should not be more than 1500 pxassenger veUclM per hour, 
r^^ardless of direction, all moving at a speed of not lesa 
thM 30 m.p.h. It is, however, not economical to design a 
road so wide as to be congestion free every hour through- 
otit the day. 
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On uphill BtTctchee, vehicles spadugs can be am&Uer, 
u the breais are more effective^ which permits Lnciwed 
repecitj but M«triclioafl of sighting distances decreMfis 

capacity. . » , 

For connting equivalents of trucks at slow moving 
vehicke to passenger vehicles, ree under "Eonnd-abrata 
or Traffic Bntaries". Heavy vehicles are lesser at pe^ 
horns than for average conditions. Width of a lane is 12 ft* 
Traffic CaJ^<lC^^y ta T&am S^raif : 

Basic capacity considered is 1250 paasengen veldotcB 
per hour of “green hght”, per traffic lane of 10 ft. width, 
an movmg in the same dii^ion. In it will be 

about 60 per cent of the possible capacity with 10 per cent 
of oommerdal (alow moving^ vehlclea or 7 per cent of 
buhnek carte* Counting is done at street iutersec^oioa 
and street width ia taken from kerb to kerb. 

Bane capocOy of a traffic lane is the mavimuim number 
of pareenger cam that can pass a given point on a lane 
or roadway during one hour under the most nearly ideal 
roadway and treific conditioUB that can possibly be attained. 

Ibe British Muiistry of Transport uh the following 
^goj^ to determine the type of carriageway to be provided 
in **ont of town” areas : 

Peak vehinki per hoax Carriageway 
Under 300 * * *. Twmhine (22 ft.) 

300 to 000 . * * * ThrBc-laoe (30 ft.) 

000 to 1500 * * * * Bnal two-lcuu 

Over 1500 * * * * Bnal three-lane 

The figures are taken of the average daily volumes 
over a JOdiour county the peak figure beipg taken as one- 
tenth of the daily ftgnre* 

'Tn the abemoc of Bctnal data based on observations 
it may be assumed that at the peak hours a treffia Ijijih may 
acGonunodate abont 200 alow moving emj 250 motor 
vehidea aD moving in, one direction with do overtaking. 
With traffic in both directions this will be furtber reduced- 
Ihere will be atiU further reductions at interaectioDS end 
cross roads,'*—E, C, 

Portable (eketrome) recording devices havei been deve< 
loped which axe laid across the rnsdway and they meaflure 
ude weighta, epacinga and speeds of vehilces in motioo. 
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Tbleluiett at FaTemants Pk^eii 

The fnDctSoa of pavemcat design ta ta deaigix thf 
tbicknafla and typa of cDOBtruction vhicli viU distiibat^ 
traffic loads suffifiently to enable the sub-grade to anpport 
thcw loads. Two types of cooatnietion are coiuidei^ in 
pavement design—ri^ (concrete) acvd flexible (bitimu-' 
Dons surfacing on a pitching, macadam, gravel or liard- 
core base). The only satiafactoiy methods of pavement 
design at the present time are wholly or partly empirical. 

The thickneaa of a pavement depends upon the hearing 
capacity of the soil^ i.e., the sub-grade on which the road 
is to be boiltr and the volume and character of the traffio 
expected to use the road. Thickness is iueroased for 
heavier losdii and a larger total volume of traffic. The 
strength of a soil depends upon its density, cohesive 
atiength and the moisturB content. 

Moisture content ia the most important factor in the 
case of clayey soils which are moat likely to suffer by water 
absorption. It la, therefoine» important to aaoertain the 
wettest conditions in a given case and the basis of design 
should ba the strength of the sub-grade in that condition. 
Testing the compacted soil for bearing strength at iOO 
per cent saturation is esaenttal for aresa subject to water¬ 
logging *Tid floods. The sub-grade should be well com¬ 
pacted so sa to reduce as much as possible the water it can 
abeorb. The bearing value of a soil can be tested as ex¬ 
plained in the Section on "Foundations". The test 
should be mftdo after the sub-grade has been compacted. 
As the governing factor is the bearing strength aHar 
full Boal^g, a soil which does not prove Satisfactory 
after ■rmkiwg can be improved by suitable admixture of 
granular material. All clayey solIb must be tested after 
full eosJdng whether or not the area is subject to water¬ 
logging. The materials in successive layers downwards 
of a pavement crust may bo progrosively weaker. 

A water-table less than i! ft. below the soil formatibn 
level usually means a poor foundation and drainage mea-' 
sures should be taken os described earlier. 

In the case of sandy soiLs^ the detrimental effect of 
moisture is much less than in clayey soils. The strength 
of sand depends on its density therefore, it ia important tc 
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compact sandy snb-grades to the max. density possible. 

To prepare an admixture of sand and clay soils the 
percentage of day to be added to sand should be equal to 
the percentage of voids in the sand. 

The sub-grades have the property of recovery if the 
stresses are not of a repeated nature and do not exceed the 
safe bearing capacity of the sub-grade. A certain amount 
of occasional and infrequent overstressing the pavement 
is not harmful. Therefore, it will be unoconomioal to 
design pavements for nnasual heavy loads pa.«sing once 
in a way. 

Each time a load passes, some deflection of the surface 
and the underlying lavers occurs and the useful life of a 
road is shortened. Repetition of loads has a deetruc- 
tive efTect and repeated applications of an excessiTe load 
a-ill lead to cracking and uHimate failure. An occasional 
overload of twice the design load will not be destructive. 
Design Load 

Bridge design is baaed on gross weight of vehicle while 
pavement design is based on axle load, i.e., wheel load 
and intensity of traffic. 

For the present, for traffic loads in India, an axle load 
of 18000 lbs. or a single wheel load of 9000 lbs. is considered 
to be the limit for the design of pavement thickness. This 
wheel load of 9000 lbs. is further regulated by the rated 
capacity of the tyres. It is considered that two tyres will 
be used for the 9000 lbs. wheel load, each tvre carrying 
4500 lbs. weight. Designing for a aingle-tvre load of 5000 
lbs. with radius of contact circle of 4.6 inches, and a tyre 
pressure of 60 Ibs./sq. in. seems adequate as it will cover 
two tyres with 4500 lbs. loading on each. The amount 
of load transferred from one tyre of a dual wheel to the 
point of maximum sub-grade pressure ben^th the other 
tyre is not in excess of 10 per cent. Dual wheels are 
considered as one wheel load and one contact area if tTrm 
are within 40 ins. centres. (An axle loadTthT!l>Ul kS 
to the n»d by .D wheeb whoto centra may be 
included between two parallel vertical planes 40 inches 
apart.) 


Tim mam problem in India is of the iron-tyred bullock 
carts which may carry loads of 2 to 3 tons with very narrow 


KOJLD8 & HIGHWAYS 


18/147 


tjrres of cur>’ed cross section and the area of the wheel 
in contact with the road is much less than it should be. 
Wheel axles are usually bent which seldom fit well and 
often have an oscillating motion throwing the whole weight 
on an edge of the tyre which tends to disintegrate the 
aurface. The load intensity of an iron-tyred laden cart 
may be much more than due to a 10 or 12 ton road roller 
used for consolidation. Where cart traffic predominates, 
take load of the hca^iest loaded cart and the width of its 
tyre; take square contact area! Usual width of iron tyres 
is 1 to 3 ins. In the absence of a definite data, take 1800 
lbs. on one inch square contact area, which will meet most 
of the cases. 

In addition to the wheel loads, impact effect is to be 
considered which may vary from 10 per cent to over 200 
per cent of the wheel lo^ul. Impact is affected by the 
roughness of the surface, the nature and condition of the 
tyres, t 3 rre pressure, the speed of the vehicle and the wheel 
load. A steel-tyred or hard-tjTed wheel produces greater 
impact than a pneumatic tyred wheel. Also, faster a 
velUclc moves, the greater the stresses in the surface la 3 rer. 
A pneumatic tyred wheel at a speed of 30 m.p.h. produces 
the same impact as a solid tyred wheel at 12 m.p.h. The 
usual allowance given for impact effect is 20 to 50 per cent 
of the wheel load. 

For concrete pavements the bearing power of a soil 
is usually taken as the modulus of sub^gradt ftodioH or oo* 
efficUni of sub-grade reaction. Thb co-efficient expresses 
the stiffness of the sub-grade which is a measure of the resi¬ 
stance of the soil (prepared sub-grade) to penetration by a 
loa<!ed steel plate 30 ins. in diameter and is stated in terms 
of load in lbs. per sq. in. of deflection. It is assumed that 
the sub-grade reaction at any point is proportional to the 
deflection. The values range from about 50 Ibs./c.in. for very 
poor sub-grades up to about 300 for good materials and may 
bo 700 for extremely good soils. A value of 100 llw./c.in 
is taken for general use. Reasonable variations in the 
values do not have serious effects on stresses. Moreover 
when a layer of selected base course is placed under the 
concrete pavement it will further minimize the effect of 
YKjintion in the value of the co-efficient. This quantity 
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occurs in Weutcrgaard’s theory of the strewes and 
deflection in concrete slabs. 

SultabQtty of Road Materials as Regards Density of Trafflo * 
Per day per traffic lane— 

(o) Gravel roads 50 tons of iroh tyred vehicles, 

or 80 to 100 tons of pneu* 
matic vehicles. 

1000 tons of combined iron 
t\Tcd and pneumatic tyred 
vehicles. 

1200 tons of pneumatic tyred 
and ^500 tons of iron tjTed, 
or 7.50 tons all iron tyred 
traffic. 

.5000 tons c<oml>ined traffic, 
or 120*1 tons iron tyred. 

3000 tons combined traffic, 
above figure are only rough approximations and 
largely depend upon how the rood has been built 

... ■!!*'?"*” ®' 

Ileilble Pavements : 

(i) ^Gray'sformula: (.Suitable , uw. ix»nc 

for granular bases) SMrf«e» 

d=0.5W 


(6) Water-bound maca¬ 
dam 

(c) Bituminous surfaces 
(surface treated 
with bitumen) 

td) Pre-mixed bitumin¬ 
ous or Grouted 

(«) Semi-grouted 


V B 


-'1-L 





where ; 

d= total thickm^ of pavement in inches 

" "petition 

B^bcring value of the ground or biwe in lb«./«,, in (See 

Jr***.^™ « .'?!’!'■ ‘■®<-‘ring Value, of 

Soils at page 18/151) 

L=radius of equivalent circular area of tyre contact in 
inchest /contact area 

I [« t«ken acting cm its contact area 

dounaards conically at an angle 
of 4.5* in the form of truncated cone, distri buting tholJad 

•Akphiill Imtitute U.8..A. - 
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over an area = ( contact width + 2t ), If the static 
wheel load is based on rubber tyres, the contact area is 
circular or elliptical. The unit pressure and rerjuued bear* 
ing value at nny plane can be computed. Or, if the bear* 
ing value is knoaTi the required pavement and base thick' 
ness can be worked out. 

(ii) Bousstnfsq's fcrmula 

(m) d» 0.564 

V ^ 

where ; 

d=metal depth in inches; r=8ame as L in Gray’s formula; 
ps=tyre pressure in Ibs./sq. in.; P=safe max. permissible 
pressure on the sub-grade in Ibs./sq. in. 

0. B. R. (Cahfomia Bearing Ratio) Method : 

It is the most widely used and reliable of all methods. 
The chief difficulty in this method is to decide under what 
conditions of dry density and moisture content the C.B.R. 
values should be determined. American practice is to 
soak the specimens before test. British experience suggests 
that this gives thickness considerably greater and that a 
more satisfactory guide is the value determined in situ of 
the undisturbed samples of the sub-gi^e soil. However, 
values shook! preferably, be determined of the wettest 
conditions likely to be met with. 

C.B.R. is a measure of the bearing power of a sub 
grade or soil expressed as the percents^ of the bearing 
power of a water-bound macadam construction or an 
excellent base course of crushed steme of 100 per cent value. 
This is an arbitrary figure ; a surface having a C.B.R. of 
100 per cent is one in which a load of 3000 lbs. has to be 
exerted to drive in a cylindrical flat punch with a base 
area of 3 sq. in. to a distance of 0.1 in. at a rate of penetra¬ 
tion of 0.05 in. per min. C.B.R. value increaaea ahyply 
with racrease in density. (See also under “Soil Mechanics.”) 

The following Uble gives the total base and pavement 
thickness over any sub-grade or sub-base of known C.B.R. 
value for the particular material, for flexible pavemenU 
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The above fignrea contain safety factor and are for 
tyre preaaure of 60 Ibs./sq, in. The wheel loada are slatio 
wheel loads. Gross wheel load bi static wheel load plus 
iinpact. 

In the absence of laboratoiy teafa approximate values 
for C,B.R. may be taken from the table on "Bearmv Values 
of Soils” at page 18/151 - 

The C-B-R. method ia considered to give extravagant 
thickness for roada which have to carry only light traffic- 

Asphalt lostltute (U.3^A.} Method ; 

This method gives total thickness of asphaltic concrete 
required over any baae or sub-grade of known beating 
value. Should not be used for low pavemeats or for 
base thickness. 


Bwring vflluB of 
bftite or nih'S^Kule 
Itrt./’sq. in- 


Total thicIcneBs of uphiiitio Mn-dreto povcittont 
oa « taad of 


00 lbi.fBq, in. 


70 


in. 


30 

30 

40 

SO 

SO 



r 


The values for application to Gray's formula 

and the ^fphaltio Inatitute table are taken on a circular 
Til ate of the same contact area as that of the deaitm w heel 
load, causing a deflectioq of 0.5 inch. ^ 
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Sto&e MReadams ; 


fw^ri T 
9 


® ^ *>f tx’t'e in inchea* 

Rigid Pavements (Cement Concjrcte Boada] : 

SJittis’ formulae : 


/L02 We 
V S 


/ 2 . 4 Wr 

V“s— 

/2.4 We 

V ff~ 


(For alabs where cornera are pn>- 
tected by adequate load transfer 
device at the joints—dowel bara, oto.) 
With pneiimatio tyres. 


ditto. 


Vfith solid tyrea 


Where comers ere unprotected, 
no adeqnate load transfer at the 
joints. With pneumatic tyrea. 
ditto. with solid tyres. 


d=y:|H 

Oldtr's formvh (Cantilever formula—when sub-trade 
support is uncertain) 

d“ -edge thickness of a plain slab 

V S (where the concrete La thicker at 

the edge than at the centre). The depth at the centre of 
the pavement la generally made about 0-7 timoe the ediM 
thickness. ^ 

If TOutinuouB edge ahear bars are provided then 

d^ f TEW 

v ^ 

where : 

d^thickness of plain dab in inches; 

W=mo^g wheel load in Iba, (without impact) 4dd 

fn for repetitioVof 

“W# St 

S= n™ral unit strHH in concrete in 
^./.q. ID. Ke)^ strength (fstign, „,dalos of re. 
ptore) of con^to m teiwon is uken for tho dreign of 
pSYODionls. Be«„ for deloreiiaing Hererel ,^h 
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(BM/ZV ia BTen m the IndLm Standard 
ig ^ 450-_1D53. Ttie value usually t^ken u 300 tu 3^3 
IbaM- in. which givea n factor of ^ 

static moduliia of rupture. ThL^ wilJ aUow practically 
unlimited stream repetitions caused by the design lo^. 

The flesarai test ia particubrly well suited fp^ 
use anw the testing device is relatively small and light. 

^ If ft road dab is disigned oa thi of shear : 

VV=d tcontAct tvidth-t-2d)xpermi.^«ble shear atre^. 
jlddm*ff formula for Beinforetd Concreie Slabs ; 

j yi^W w is the bearing value of the s<^ 
^ in tons per §<[. ft.; d is depth in 

inched to centre of reinforcement 
For the design of rigid pavements, the stability of 

the Bub-gmde that is, umSbrmity 
more important than the thickness of the pavernent. 
vhich measure the strength of the sub-^de sod are not of 
much value in designing concrete road slabs. . 

West&gaard^s formulai for stresses in rigid pavements 
ore generally used for tho design of important works (oon. 
cret?roads^and airport runw ays) but ^ these 
^ rather complex and also give high stressH m 
^bs than have been found from eipcnence, therefore, 

have boon omitted. „ . 

Bass and Slab Thickness for Various Sub-gradss 
for Belnforeed Concrete Pavements 
The follow ing table ie based on the recommen^ta^ 
of the Road Besearch Laboratory. Kai^ondswortb and 


Condition 

of 

Sub-grsd* 


Ift) Very 
•ublfl 
(b) Stable 
fo) Poor 


bai^ 


nil 
O'— 3 : 


jtoinfoTceimpnt 

nor an.yd. 


1 

Tyi 

}0 crtrafiiC 


1 Very ‘ 

' heavy i 

Heavy 

1 

Medium! 
ll«iivy 1 

U 

^«dturia 

Lisbt 

ThlclrnfKa of feinforeed stab in inchw 

i 

8' 

7' 

a' 

y 

1 10* 

9* 

r 

7' 

y 

11' 

10* 

S' 

a* 

7' 

1 Hlbi. 

10 Iba. 

10 lbs. 

7 lbs. 

a tD7 
ibt. 
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Univinforccd filabs arc oot recommended except under 
light loadfl and on very alable Bub-grades. If reinforce¬ 
ment is not pmvided increase thickness by one inch. 
Discrijition of avh^gradts \ 

( 0 ] Veiy stable fiub grades are well eompacted and 
undifiturbed foundationa of old roads; well graded highly 
stable gravel; solid rwk. base U needed on snch sub- 
grades except where a levelling course is required. 

(6) Stable eub-grodes are giavel-sand'Clav soils which 
can bo well ccmpacted and where no base is ne^ed. Other 
aandy and stable soils inferior to the above may be provided 
with a S-io. base. 

(c) Poor snb-gradea are soils verv atisgeptible to 
Don^unifom movement ; loanig, peat and plastic clam 

fd) Sub-grades where the water-table may ri^ to 
within 2 ft. of the formation; No base is needed on soila 
w^luch can be thoroughly compacted, otherwise a base 
thickness of 3 uis. to 6 ms. is desirable. 

Where a hard base comw has been given higher value 
lor the eub-gradc should be adopted. 

Traffic ctitssificalion : 


T 7 p»» qf 
Trafftc 

Very heavy 
Hyavy 

Medium-heavy 

Medium 

Light 


Total daily a v.Hw , Approx, total weSiiit 

qrGOiDinorqiAl vehicles | of all tr> flic 
{both (Ibvqticusj I (toimMsyl 


Motcthtln 3 (MM) 
3000 
450—IMO 
0-^30 
45—150 


Abqvo ::4000 
12000 —S4000 
4000^12000 
1500—4000 
! Lcbh than 1500 


V * wncrele road fails repair is often very ooetlv 
therefore It u edvmble to keep a slightly giceterThi^™ 
^treetron then wenid Sheret, 'be ^ 

An increa^ n, tbiekness will result in a 
structural strength of about double 
he inct^ m the cost of the slab. 

Slab thickness for Concrete Pavements based on the 
commandations of the n . ™ 

Amerres*— ^ Fortlaml Cement Association, 
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AUowaUa ] 

iloxunl Bttesa 
in Ibfl.j'st). in. 

1 

Whoel load 
on dual tjTM 

]be. 

GO“ffficieat of aub-gtado 

i«solion 

50 

too 

200 , 

300 I 

600 

Thickna&a of slab in iaebM 


tsooo 

0.90 ' 

0.25 ] 

8.76 

8,50 

8.00 

2&0 

10000 

8.75 

8.50 j 

8,00 

7.76 1 

7.40 


SOOO 

8.S5 

7.00 

7.00 

7.30 1 

7.00 


8000 

7.79 

7.60 

7.10 

6.00 

9.00 


fiOOO 

6.79 

6.90 

0.26 

0,00 

5 + 75 


9000 

e*4o 

6.10 

9,80 

6.60 

6.40 


12000 

8.60 

8.20 

7.80 

7.60 

7.36 

aoo 

10000 

7. SO 

7.50 

7.a0 

8.06 

0.80 


OOOO 

7.40 

7.10 

0,86 

0,56 

0.20 


8000 

7.00 

0.75 

6.40 

0.10 

5.80 


6000 

0.10 

5.7£ 

9.60 

5.40 

9,10 


9000 

5,75 

5.40 

9.10 

9.00 

4,79 


< 12000 

7.80 

7.60 

7,10 

0.86 

6.50 

3S0 

10000 

7.JO 

0.80 

6,56 i 0.26 

0,06 


0000 

0,80 

0,60 

0.10 

6.80 

6.60 


' 8000 

0.40 

6,16 

9.80 

j 5.60 

6.25 


6000 

£.50 

6.30 

9.10 

1 4.90 

1 4,60 


5000 

6.10 

4.90 

4.76 

1 4,50 

4,10 


Sl&b cornerB sro considered to Vto protected by loftd- 

transfer devices. The slabs are not reinforced and where 
reinforcement ia provided thickness may be reduced by 
one inch. This h for heavy-duty pavements. 

1&. GRADIEISTS 

Tbo rate of rise or foU of a road surface is called 
nndient or grade and is expressed as a ratio of 1 vertical 
in—horiiontftl which ia the distance measured along tha 
Jeneth of the road. Biding gradient is the dcsireble g^ 
dient, and limiting gradient is the maximum aUowaWe 
gradient. 

Kotor Roads ; 

Huling gradient on plain roads 
Ruling gradient on hiU roads 
Limiting gradient in stretehes not 
exceeding 300 ft. 

i^bscplute max^ gradient for short 
lengths not exceeding 300 ft. per s 


.. 1 in 30 

^ ^ 1 in 20 

. ^ i in 15 

*, 1 in J2 
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J«ep Roads : 

Hilling gradient 
Limit i Jig gradient 

Abiwlute max. gradient for akort [engtliB 
Gradient at curvea should not exceed 
Max. auetaincd grade a'ith safety ill operation 


1 in 15 
1 in 12 
1 in 10 
1 in 30 
1 in 30 


Short and frequent changca in grsdca result in bumpj 
eurfaces. 

The absolute maximiim gradient which can be used 
by animal traction is 1 m 12 (or 8i per cent). This b 
fo he used only in hill roads where uoavoidabfe. for not 
more than I mile at a atuetelu A gradient of 1 in 10 can 
be given where absolutely cssentid for distanced not ex¬ 
ceeding 300 ft. On cement ooDcreto roads if iron tyred 
bullock carts in large numbers are expected, a ^ade 
steeper than 1 in 20 should not be provided. 

Gradient at hair-pin bends or other sharp curves with 
inside curve of £5 to 50 ft. should never exceed 1 in 30 
(prefer 1 in 25) and ahould be as fiat as possible for 100 ft. 
above hair-pin bends^ even if it is necessary to increase 
the gradient for a sliort distance beyond this length of 
100 ft. Curves with radius of less than 10 ft. should not 
have any rise. 

’When a curve with a radius of less than 500 ft. occurs 
on a grade of more than 5 per cent (1 in 20), the grade 
on the curve should be reduced below that of the tangent 
by not less than ^ per cent for each 60 ft. by which the 
rsdnis is below 500 ft. For example^ if a curve whose 
radius is 400 ft. adjoins a tangent on a grade of 7 per cent, 
the grade on the curve should be not greater than : 



A simple rule for grade reduction used in America is : 
Reduction per cent of grade=250/H. The use of 
grade reduction Is commonly restricted to curves sharper 
than 0 degfl. and to grades 5 per cent or greater. The 
breaks in grade line are placed on the tangents, about 
60 ft, from the ends of the dreukr curve. 
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This treatment is recjnlred in mountainous ooim^* 
where the combination of sharp curves with stwp grades 
occur. 

Long Btietches of steep gradients should be separated 
by comparatively easier grades or level len^hs over ITO ft. 
long which should be given every half mile or so. Total 
rise per mile should be kept below 250 ft. for importent 
roads and 300 ft. for other MU roads. Efforts rfiould he 
made to provide flatter gradients at high altitudM as the 
efficiency of an automobila engine U considered to fall 

with increase in altitude. ^ i r 

Heavy commercial vehicles need much flatter alopM for 
operation, which may not be more than 1 in 30. 
gradient ahonld be provided as far as pMsibla and the 
standards of alignment and design of the road shontd not 
be lowered to cconomifio coat 

Steep gradients ahonld be avoided at approaches to 
road junctions, roundabouts, hridg^g, acute bends and 
where the movement of traffic is restricted. All changes of 
gradient should be gradually effected by means of vertiMl 
rarves of ample length. The surface of the road should 
bo rough finished on all stoop gradieiits. 

All changes of grades exceeding a difference of 
3 ft.'D ins. in level should be joined by vertical curvea. 
Loads can generally be hauled up a grade of 1 in 100 
to 150 without much increase in motive power. 


Pack Male roads In Mils : 

Animals can draw only the following percentages of 


weight on an incline : 

Per cent 

1 in 10 , 25 

1 in 20 w 40 

1 in 30 . * 60 


Per cent 

1 in 40 ,. 70 

1 in 50 «* SO 

I in 100 - . 90 


Maximum gradient for bridle paths or pack mules 
is 1 in 7.5, with 1 in e in lengths not exceeding ft,; 
per mile must not exceed 750 ft, ^rves with radius 

of less than 10 ft, should not have any rise. ^ _ 

Maximum gradient for pedestrian paths is 1 m 5 
(prefer 1 in 7,5). 
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Tnnlina. 

twn 

1 fn— 

Attgle 
with 
horijcou 
l>?g. -Mill. 

Riw 

a 

ft. 

Inplma- 

lion 

1 in— 

Aogl^ 

with 

hotiion 

Dog.'Min. 

per 

ft. 

5 

11—18t 

1050 

30 

1—641 

179 

0 

S--S8 

680 

66 

1—*41 

ISO 

7 

8^74 

754 

66 

1—5B1 

t5L 

8 

7-7i 

000 

37 

1—33 

143 

$ 

^wr-T-3 ] 

566 

40 

1—20 

162 

10 

6—43 

523 

43 

1—161 

123 

11 

6—12 

480 

46 

t—101 

117 

IS 

4—48 

440 

50 

1—9 

106 

13 

4—£4 

40S 

55 

1—21 

96 

14 

, 6-51 

377 

60 

0—671 

99 

15 

4—40 

352 

TO 

0—42 

79 

IS 

3—641 

630 

80 

0—43 

00 

17 

3—22 

3U 

DO 

0—684 

69 

18 

3—11 

293 

100 

0—341 

63 

LO 

3—1 

279 

110 

0—311 

49 

£0 

2—511 

264 

tl6 

0—30 

40 

£2 

5—6fl 

240 

120 

0—281 

44 

S4 

2—S3 

SSO 

126 

0—29 

42 

25 

2—174 

211 

150 

0—23 

40 

27 

2—7 

lOA 

too 

0—171 

£7 

28 

2—3 

180 

400 

0—81 

1 13 


StAdia BcdocticnEi Chaining over Sloping Grounds 
DiHcrence in Elovation for 100 ft. InclinEd Distance 


Mis. 

0 deg. 

1 deg. 

t deg. 

3 ideg. 

4 deg. 

Sdeg. 

6 deg. 

0 

0.00 

1.74 1 

3.49 

5.23 

9.08 

8.72 

lO.iS 

10 

0-20 

2.04 

3.78 

5.52 

7.27 

D.OO 

10.74 

20 

0,58 

2.33 

4,07 

5.81 

7.65 

9.2D 

11.03 

30 

0.87 

2.62 

4.36 

9.10 

7,96 

D.53 

11.32 

40 

1.16 

2.91 

4.96 

9-39 

8.15 

9.87 

1L.61 

60 

1.46 

3.20 

4.94 

9,98 

9.46 

10.19 

n.oo 

Minn 

7 deg. 

9 di^. 

Od<g. 

10 d£?g. 

11 deg. 

i2 deg. 

13 deg. 

0 

isao 

16.02 

15.64 

17.39 

tO.990 

20,79 

22.49 

10 

12,48 

14.20 

15.93 

17.96 

10.37 

21.08 

SS.79 

20 

12.70 

14.49 

16.12 

17.04 

10.95 

21.69 

£3.09 

30 

16,06 

14.78 

19.60 

1 18.22 

10.04 

tt.94 

23.34 

10 

13.34 

15.07 

10.70 

18.61 

20.22 

21.06 

23.93 

so 

13.93 

19.66 

17.08 

' 19.70 

20.61 

22.21 

36.01 
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Htn. 

14 deg, I 

is dpg. ; 10 deg, , 17 deg. | 

16 deg, . 

lO deg. ’ 20 deg. 

0 ' 
10 
20 
30 ' 
40 1 

so 1 

24.10 , 

24.47 1 

24,70 ' 

2S-04 1 

25.32 
25-00 

2S,88 
25,16 1 
26.44 
26,72 1 
27.00 1 
27.29 ' 

27. B6 
27.84 
29-12 
29.40 
26,63 
29.06 

20.24 1 

20.51 ; 

20.70 1 
30,07 1 
30.35 

30.62 

;i0,oo 1 

31,16 ' 
31.45 
31,73 ; 

32.01 ' 
32.28 1 

32. S6 

32.33 
33,11 

33.33 
33,65 
33.93 

34.20 
34.47 
34,75 
35.02 

35.20 
35.M 


ttprixODial Diatance for 100 It 

. laellccA 

Min. 

0 d[?a;. 

1 deg. 1 

2 dcfi, I 

3 deg. 

4 deg. 1 

5 deg. i 

6 deg. 

0 1 
10 
20 
30 
40 
00 

100.0 

100,0 

00.09 

90.09 

09.00 

09.09 

00.06 

99.99 

00.07 

09.07 

09,06 

OO.OS 

00.04 

90.03 

00.02 

OO 00 

00.760 

00,89 

09.96 ’ 

09. SS 
00,93 
09.61 
90.67 
90.76 

00,76 1 

00.74 
99.71 ' 

09,00 
00.67 
DO. 64 

00,62 
90,SO 
00.57 1 
09.54 ' 

00.51 
90,48 

00,45 

00.43 

00,30 

00.30 

SiO.32 

00,20 

Min. 

7 deg. 

9 deg. 1 9 deg. 1 19 deg. 1 11 deg. 

12 deg. 

13 deg. 

0 

10 

20 

30 

40 

ao 

00-25 
09.22 
09.19 
00.N 
09J1 
00.07 

DO.03 

1 09.90 
03.04 
09,00 
08,96 
99.91 

0S.77 
, 06.72 
03.09 
09,69 
06.S9 
; 06.53 

03,49 

09.43 

08.36 

96.32 

96,27 

03.22 

96. L6 
03. It 
03,05 
07.99 
07,03 
07,67 

07.61 

07.75 

07.60 

07.03 

07,57 

97.50 

07,44 
07,37 
07.60 
07.24 
07,17 
07,10 

Min 

0 

to 

20 

30 

40 

so 

14 deg. 

15 deg. 

16 deg. 

f 17 deg. 

16 deg. 

10 deg. 

1 ltd deg. 

B7.03 
06.00 
06,S9 
OS.Bl 
06,74 
00.67 

06.69 

06.62 

06.44 

96.36 
06.26 
96.2J 

96.13 

06.05 

05.06 

05.83 

05.60 

05.71 

; 05,B3 

1 0S,S4 
05,46 
05,37 
06,28 
OS, to 

95,11 

95.01 

04.02 

64,63 

04.74 

94.65 

04.55 

04.46 

04,36 

1 04.26 
04.17 
04.07 

03.07 
03,87 
03,77 
93.67 
03,56 
93. >6 


20. CAMBER OR CROSS FALL 

Camber hss be^n defined e4krlier. 

Excessive camber induces drivers to keep near the 
crown of the road and tends totbe nneconomic uj=b of the 
hiebwav A croesdaJl which is eicessivo increases the ten 
dencY ‘of YcbidES to side-slippmg. Therefore, excessive 
camber should be avoided and surface made as flat as 

can be pemutted. . ^ ^ « 

Since the object of crosadall la to facihtjito drainage of 

the eurfat.# water fmm the mad the rougher the sarfaue 
the Hteeper must be the camber. Road siirfares which 
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are not expected to come up to the mark when completed 
doe to lack of control or other reaaons of foundations, etc., 
should also be given steeper cambers. Dry areas are made 
flatter than areas subject to heavy rainfalls. The necessary 
camber should be given in the sub-grade so that the hard 
crxist Is of uniform thickness throughout the section of 
the road. Wooden templates are made according to the 
proposed camber of the road, which are fixed at 50 to 
100 ft. apart across the centre line of the road. 

The crowned surface is generally curved to the 
shape of a parabola or an ellipse which is flatter at the 
central half width and slightly steeper at the sides, but 
a combination of uniform slope with a parabolic 
curve, or two straight lines meeting at the crown 

may be used in¬ 
stead. For single¬ 
lane carriageways 
the camber should 
preferably be para¬ 
bolic. While mak¬ 
ing four equal divi¬ 
sions for the half 
width, some engin¬ 
eers t^e 9/16. 1 /4 
and 1/16 instead of 
2/3, 1/3 and 1/8 as 
shown in the illus¬ 
tration. 




^ scarsa 

Half SKth of 


4 Sqoftl Mtrlsloaa 


i 

1 



R1 


< . , Cra»i 

9 gqual OitrlBleaa • 

H Mt.-l 

1 

t 



7 

s 

^StrmiaSt • «1, rmnSelle-^ 

1 


niU of mmauiils . 1 



Bitiuninous roads in towns with speetl limit 

Bituminous high speed roads outfddc towns 

Cement concrete roads 

Waterbound macadam 

Moorum and Konkar roads 

Earth roads and footpaths 


1 in 36 to 40 
1 in 48 to 60 
I in 60 to 72 
I in 30 to 48 
1 in 24 to 30 
1 in20to24 


(The camber is from crown to edge of pavement) 
Berms : 

Paved or treated .1 in 24 to 48 

Kachha (earthen) .1 in 16 to 24 

Camber in provided on all the straight reaches of a 
road and super-elevation is given to the curved portiona. 
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21. Cf\'CLE TRACKS & FOOT-PATHS 

Cyele Tracks 

The widfh of cyc'e tracks ahctUd normaDy be 9 ft. 
si>d should in no case be reduced to less thin 6 ft for 
up to 2600 <ycle4 per hour, increasing in multiples of 3 ft, 
per 1,500 cycles more. CT^Je traclu may be made for 
over 400 cycles at peak hour. Majc. gradient is 1 in 20. 

Cycle tracks should be separated fWm the rarriagewaj 
and footpaths hy graas than 6 ft. and 3 ft. 

respectively. Should it not be practicable to obtain suffb 
ejeut space for the veigea^ the cycle track may be aeparated 
from the cariiagcway and footpath by kerb^ or fencing. 
These tracks tihould be provided on lK>th sides of important 
carriageways, 

Foot-Paths 

The width of & foot-path is taken 24 inches per 20 
pedestrians or Ics^t per minute. Min. width should ^ S ft. 
In prineipal shojiping ceiitresj width should be 15 ft., min. 
for the foot- ways. Height should be 6 mches [min.) from 
road edge level. 

22. ROAD CCRVES 

A Slffltple cutre ia a single circular arc connecting 
two tangents. The point at which the curv'^e atarta is 
called the "point of curvaturo" and the end of the curve 
the *"\nATit of tangency". 

A Compound curve is formed by two adjoining 
aimple curves (circular aroj of different radii which lie on 
the came aide and have a common tangent and a common 
tangent point. Compound curves are not recommended 
iince the abrupt change of curvature provides an ebment 
of danger^ particularly at night. Much attention shotild 
be given to the flattening of the curves. 

A RsvcTfcd curve ia formed by two sjmpre curvea 
in which a ripht*hand curve is followed immediately by a 
left-hand cun-e, or rtre not necessarily of tho same 

radii, which have a common tangent and a common tangent 
point. Re versed cur\‘es are ordinarily used to conneot 
parallel lines. It is good iHWCtice to insert a length of 
atreight (say 200 ft.) or an eosemeut curve l>etwecii the two 
etarvra, which introdooes the thango in radius gradually. 
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Super-elevation is changed along this transition section. 
Compounding circular curves of greatlv different radii is 
considered poor practice. 

Transition curves—See under “Super-elevation.” 

Hill Curves. A road going on the outer side of a hill 
or spur has a convex curve which U known as a so/ieai 
curve or blind curve ; inside curve at the valley of the hill 
and which is a concave curve is known as re-entrant curve 
or open curve. Serpentine curves, hairpin bends and 
corner ends have also to be provided in hill alignments. 


srtTnc 00? cunfts 



TuftiX HA !• to ■ 

AC la protfuoo4 to 9. d la predveod 
to t 


I Bf ronfeolle C 
Curve ^ 



Curves of small radii 
should be set out in 
chords not exceeding 
l/20th of the radius. 
100 ft. chords to be u-sed 
up to 5" ; 50 ft. chords for 
6® to 15®; 25 ft. chords 
from 15® to 30®. Curves 
of i mile radius and 
upwards can be set out 
with 200 ft. chords. Some 
engineers prefer to use 
100 ft. chords for radii 
2000 ft. or more; the 
difference in length 
betw'een a chord of 100 
ft. and its arc is practi¬ 
cally negligible. Refer to 
the first figure of the 
illustration. Curves can 
also be set out by 
marking offsets from the 
long chord AB, by cal¬ 
culating a number of 
offsets as per equation 
given on the next page 
fpr calculating “O”. 
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T^BLength of taxxgent AD or CD. 
e'acAny diord. 
a*M>TangentiAl angle of o'. 
o~Any ocdinate. 

L^Length of arc AC. 
BaeBMOoa. 


o« v) or more accurately 

^ ^ * L 

T - B—v^*-«*=- ^^approx) ^ 


- E (l-coa.4 /2) 

X * -^E*—^o+Rr—▼ 

T - B (oot.y)-Rtan. 4/* 
d M R (ooeec. y—11 
, 17190' 

”S“ 

0 —R (ooe. y)—vv(aK-v; 
2o-2Eim.^/2. AB-V5 Bt 




160 

8 AR—2o 

3 


(approx). 


EF^ 


▼ 

4 
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A cmre i4 ifea^nftted by it» radhis in or by tin* 
number of degrees of the eeotaal angle ogtowI (or anbtro* 
ded) by 100 ft length of the chord of Ibe eitm For practw^ 
pujp^^cfl- tbci Icxi^th. of tihi^ (Jipttl Azid tfeo An is titfiii i»s ths 
same. Thus a 1* enrve is a corve ifl which a chord of 100 ft- 
ia sobtended by a oentral angle of 1*". It is called 

of (Tufwrtwe, , 

A circle with 5730 ft. radios has a cirmunferenoc of 
36,000 ft. sabtendjng 360“. A 100 ft. chord (or cunre) has 
1*. Or in other word^ a T curve is oonodered to have a 
ndiaa of 5730 ft.; a 2“ eurra 2865 ft.* and so on (with 
100 ft. cboni). Thja is not abwlotely oorrect hot a dose 
sppioxiEDatioii for a 5® curre or any flatter curve. 

572ftA8 . , 50 

B-j— orpr«»lr=5^ 

Verttea] dtrrea 

A curve with oonveuty upwards is called a aunuaut 
Curve or a Vertical Curve. Vertical cnrvee are neoeesary 
at all points where a change of gradient occurs. 
design of a eurve (length) is pnndp^y governed by the sig¬ 
ht distance required to provjdfi adequate viaifaiii^, nnle« 
the sammit is so small (leas l^han 3 ft. above the bwoet 
point of the eurrej as not to interfere with visibility, 
prscdoe a ^ple parabola carve is used instead of a dr- 
cular are for a vertical cuire, which joins the two gradienta 
tang^tiaUy. 

Steppliig Dtetaiwe. h the dwtance covered by a moving 
vehicle from the instiLat an obatade on the road ahead 
becomes visible to the driver and tbe vehicle is hroagbt 
to a stop. Minimum safe stopping distance is known M 
the nsn-poMing aigM dutance. 

Sighting or Sight Dlitaiiee. Is the length of tbe road 
ahead of the vehicle which is viable to the driver. On a 
Terticsl carve the sighting distanre repreaenta the distan« 
apart of two vehicles approaching from oppoaite direo^ona* 
wneo t^y just become visible to each other. 

To provide visibility, hiU ddes have to be cut down at 
curves and bends. 

Overtaking Sight Distance. Is the distance required foi' 
a moving vehicle to overtake and safely peas •oother 
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vehicle moving in the s^me dirMtion bot at a slower apud. 
The nuniinum distance ahead that muat be clear to permit 
eafe pafsLng is called the poarinjjf sight distantsi. 

From actual tests made, a car travelling at 30 m.pJL 
and passing a car at rest, pequires 117 feet to turn ou the 
traffic line and return to it. A car trivelling at 00 m.p.h. 
and passing one travelling at 45 m.prb. would require' 
a distance of 460 feet. Hence for tvi-o cars coming from 
opposite directions at 60 m.p.h. a sight distance of 036 feet 
iFould bo requircdL As such, a sgbt distance of 1000 feet 
on national highways outmde towns should be aimed at. 

The Sighting Distance provkied on roods should not 
be less than the safe Stopping Distanoe for the particular 
speed allowed on the road.. Where minimmn 

stopping distance esannot be provided, warning boarda 
ahcnld be fixed for reducing the speed. Majority of ro^ 
in India,, in feet, are angle carriage-ways but in prsetioe 
are used for two-way traffic by the temporary use of road 
side berms. The safe sight distance ia dependent on the 
braking power of the vehicle and is generally takea aa 
being equal to twice the disiance required for a vehicle to 
stop. 

American practice uwjally recpiiroif from 350 to 500 
ft. minim um sight distance between any two points 4*—6* 
above the road surfece for horixontaJ and vertical^curves. 

British Ministry of Transport recommendatioiia 



Bosirable minimum sigbling dislanw for single car¬ 
riageway reads is 1000 ft. and dual carriageway 500 ft 
at 3*-9^ height above road level. Where the speed ia 
limited to 30 m p h. this may be reduced to 500 ft. When 
the height point of the vertical curve is elevated not more 
than 3 ft. [some engineers recommend 4 ft,) above tho 
lowest point on the curve* no sighting distance need be 
oonaidered. 
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E'onie British engmeet* reoommeiKl 500 ft. and^ 150 
ft* foe dusl carrisgB-waya, and 900 ft. and 250 ft. fof ainglo 
carrisg^wayB for 60 and 30 i]i*p*h* apeeda respcc- 

tively. But th«aa stopping difitanoea aro too s mall for 
Indian conditions. 

Where for iiteep gradienta to the approaches a vnrtical 
curve cannot he avoided, the annunit of the curve (or hump) 
should bo mado hofizontal for some distimc»> say 100 ft. 
Same visibility is recommended on horizontsJ curves 
as on vertical curvea. The eight distance is measured 
along the centre line of the roedn 


Speed standards ler DesLgn (I.K.C.): 



Plat ooantry 

Hills or 
arban area 

Nstiioiial end Provmdil HE^wsjs * , 

£0 m.p.h. 

30 sirp-a 

Kajor District Hoads 

40 

SS 

Otbsr District Roads ,1 


20 

VOU^ Rosds 

io M 

15 


Taming speed should be taken at 0.7 of the speed of 
through road. 

The SpecificationB and Standards Committee of the 
' f-R- C- have recorntnended the following Standards:— 


Design Speed 
in 

ni.pLb. 

8si4 Stopping 
Distacoe 

Mia. Bigtit 
Distsnw 

Mui* Orertaki 
ing Si^t Dis¬ 
tance (Two- 
laiM nndJiriiSed) 

ft. 

Abaoluta min. 
Sight Dntaaea 
(1^ro>lan« 
undivided) 
ft. 

Overtaking 
distanoe on 
ddsl camsgewayi 
(Faar.la&e width] 

ft. 

IS 

90 



20 

120 

200 


25 

IflO 

250 

450 

20 

200 

S50 

600 

B6 

200 

4fi0 

SOO 

40 

SOO 

WO 

1000 

90 

400 

700 

1450 


Oitl taking Zodbl Miiumam sight distance provisioci 
at each overtaking section should be equal to tho over* 
taking sight distanoe. Overtaking sones of lengths not 
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leM than 3 times the distance given above should be ^vi- 
ded at frequent intervals. Roads of 12 ft. wid^ and 1 m 
where there are no berms such as canal and vdla^ roads, 
overtaking places of not lees than 200 ft length should be 
provided at frequent int^vals. 

Borlsontal Cams 


Flat or rolling eountry 

Hilly country 

Design 

spaed 

ID.pdl. 

Min. Badinsin (1. 

Design 

spsad 

Min. Radtus in fi. 

Ruling 

Absolute 

in.p.li. 

Ruling 

Absohils 

60 

1000 

800 

30 

400 

300 

40 

800 

600 

36 

300 

SOO 

SO 

600 

300 

SO 

SOO 

160 

SO 

300 

160 

16 

160 

100 


A miniTnnm raoius oi w iv. wivu w iv. ut 

cases, is being used on some of the hill roads in India. 
California practice is to have a mi n im u m radius of 200 ft 
for “blind curves” and 100 ft. for “open curves”. (Blind 
curves are “outaide” curves round the hill or spur and 
open curves are “inside curves” heading a gully or a 
ravine.) A road curve should be at least 600 ft. long for 
5 deg. which should be increased 100 ft. in length for 
each decrease of 1 deg. in the ^ Where topog^phy 
permits, use simple 20 minutes to 1 deg. curves without 
super-elevation or widening. 

The straight portion in between two curves m a Scurve 
should not be leas than 600 ft. 

British Ministry of Transport RecommsndadoBs:— 

When speed is restricted to 30 m.pJi. curves shoum 
have radius of not less than 1000 ft. for through roa^ 
and 600 ft. for roads pas^g through densely popimtw 
areas. On reverse curves a short length of straight should 
be introduced between the two curves. Ro^ width 
should be increased by one ft. per traffic lane for cum 
between 1000/1500 ft. and 1^ ft. for radius of leas th^ 
1000 ft. Transition lengths on each side of the curve will 
be 100 to 160 ft. minimum. 
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At Raflwty Crossliigs the minimum curve should be 
of 200 feet radius in the case of main roads and 150 feet 
in the case of other metalled roads, measured to the centre 
of the road. The angle of crossing should be not lees 
than 45 deg. 

The following alignment princii^es should be borne 
in mind:— 

(а) A horizontal curve should not begin at a summit; 
it is better to sugg^t the change of direction before the 
road goes out of sight. 

(б) Combination of vertical summit curves and sharp 
horizontal curves is dangerous. 

(c) Curvature at the bottom of steep grades should be 
avoided. 

(d) In order to provide good visibility it is nec es sary 
to avoid as much as possible sharp changes from tangents 
to short radius curves and from long radius to short radios 
curves. Whenever possible long tangento should be joined 
to long radius curves. 

(e) Where, for unavoidable reasons, there have to 
be rather sharp vertical and horizontal curves on summits, 
the horizontal curve should extend, if possible, beyond the 
ends of the vertical curve in order to call attention to the 
change in alignment. 


Extra Widths of Pavement for Corves of all Speeds (I.R.C.) 


Radius of carve 

Up to 
200 

201 to 
500 

501 to 
1000 

1001 to 
1500 

Extra width of pave¬ 
ment in ft. 

4 

s 

2 

1 


The widening will start at the beginning or tangent 
point of the transition curve and progressively increased at 
a uniform rate till the maximum designed widening is 
reached at a point in the transition curve where the full 
designed superelevation is reached. Thereafter the same 
widei^g win be continued till a similar point in the farther 
transition is reached where the designed superelevation 
starts reducing. 
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IW« in tbe Bbore tablB ap^J to 
5a ft widtk Tor pBTCiOfint* ™ 22 ft. 

EiSb. by wSh miniiB 22 ft. Nega^va ^ 

Kfl'i^nred fA 24 ft- wide pftTeiiieiit with radawB of 450 . 

be i^ored^l* pavementfl narrower 

^tli (of 12 ft- « 25 ft-J m«e«5 

by the width of pevernffl^ort 3^ 

f A 20 ft wide patvement with radius of 450 ft. wiO jt 

199 9fl^ nr 6 ^ Widening m*y be equally datribu™ 
(22-20) or & f ^ ijjnfli, p^de 

oT^^e^ with of 

200 ft- (P«fer inside ^ ^ 

ta^V mera transiUoncui™ are pot used, bU widening 

to the inside edge of the pavement. 

Afioording to American practice 
p«d^^for »dio. flet^ 

rigned for e speed of EO i^ee^ for lediiu fUtter then 
TOOft. forepe^ of leea than 30 muea^ 

23. SDPEB-ELEVATION OR BAKKMG 

A rehide triTelling a eoi^ ^th 

5-S 

Hoped upward toward, the on««b of the 


curve. 


yv V* 

(ft) E=^0.067 


TheorotiraJ fonnulae:^— 

9 _3^ 

(a) 15 R “SOB 

E=— Subject to B maximum of 0.06T or 1/15- 

FonnuM?) is baMd on the aaeuinption that t^ 
ia cowed with ioe or greasy mod and there u no tyre ipp. 
E^soper eleration in ft. per ft, width of road snrfaw, 
V=dedgn speed in tn,p.h. (may he taken Jth of the 

V.=d^.SSS‘taft.pers«.; R=r«lio. of cure, infc 
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Britbli HiiUstrj cf Tnitqwrt ReeommeDditlciw:— 


R<Mdsaiibj«etioSOin.i>Ji.ipeed' Ro«da not ■ubjeot to ep^d Umi* 

lintO 

on eur\-«« of 800 fi. 1 in ISoaeanresofteMUaHi 1100 ft 


and over 1 1 in 17 


„ „ „ 1400ft. 

liaM 

tt ,, 600 ft. IlinlB 


„ ^ „ 1600ft. 


linU 


„ ^ ^ 1800ft. 

1 in IS 

M .. SOO ft. ,linl4 


„ „ ^ 1000ft. 


;linS0 


„ laooft. 

1 in 16 

•• $» SOO ft. 1 in 36 


.. M .. soooft. 


linSS 


„ „ ^ 40001t. 


lliniO 

»• 

M ^soooft. 


L R. C. ReeommeDdatloiif:—(per foot width) 


Radhwof 
Carvain ft. 

■peed in m. p. h. 

10 

SO 

40 

60 

150 

0.067 




100 

0.067 




ISO 

0.060 




SOO 

0.060 

0.067 



SSO 

o.ots 




400 

0.0S8 




460 

0.033 




600 

0.030 

0.067 

0.067 


600 

0.026 

0.056 



700 

0.021 

0.048 



800 

0.019 

0.042 


0.067 

900 

0.017 

0.037 

0.067 


1000 

0.016 

0.034 

0.060 


1100 


0.031 

0.066 


1100 


0.028 

0.060 


1100 


0.026 

0.044 


1400 


0.024 

0.04S 

0.067 

1600 



0.038 

0.069 

1800 



0.033 

0.061 

1000 



0.030 

0.047 

1600 



0.024 

0.0S7 

sooo 



0.020 

O.OSl 


Super-Elevation where proTided not b® leas 
the oamber of the roed (appropriate to the ■urfaoe) to 
faciliiate drainage. 
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A of 1 in 16 should not 

dDii)d be reduced to O.OS fU per «■ 

Bidlu in l*»t btyoiri .W«h no SnpeMl»™tlon b 

a«as»iy (I. R- trs) 



Mined r4B- omeiqf w— imi C4»m '« 

SLl?P:SU»>.tlgi 



There ere in 
general two meth^ 
ods of Apply“iff 

ffnpeTleiratioQ: (fl) 

Outer edge Buper- 
elevited end inner 
edge deprewedj (&) 

_ Grade *t inner 

edfle retnined end outer edge Bupw-eleTuteds 
TnflsitluD (Bisement or Splul) Cuttm ^ i 

A curve of nrogreaajvely dccreAiting (or mcreasing} 
Aiwta Tinpd in iouUDiE ^ tangent with a eiinplo mreoJ^ 

" uhatp uurvs, it i, »s*otU] 

he Ridualir folt to hove & comfortable ride and for th» 
an, introduced for the purpoae of oounect- 
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ftig A tAiigent fatrajght line) with a ciFcuJar curve in such a 
manuAr that the change of diiection and elevation froni 
one to the other takes, place graduallj. Tranaitrong pro¬ 
vide a convenient "^runiiing in'* length for changing from 
natural camber to super-elevatton. Natural camber ia 
changed over to gnper-eJevation in the transition length of 
the {III entering a soper-elevafcad curve camber 

shomd always be eliminated on the CTirve itself and never 
on the straight*)^ and the full eitent of the super-elevatioa 
necessary is attained before the vehicle begins to run along 
the As a working rule, transition cnrvea shonld 

be ^miied to all curves needing super-eievation. A simple 
method for a^ving this transition is to provide a circular 
radios On the inner side nf the road curve, 
ff the bawtion curve is laid thruughont and if the inner 
e^ and the outer odge ourres are laid oat Independently 
the road width will be widened at the curve. 

of transition carves are; (»} cubic paxabota, 
(ii») spiral, (hi} lemnlscato. 

F _E rti^ired of a transition depends on the **coni.i 

forUble rate of turi^g" and is governed by the principlo 
that a vehicle travelling at a given speed reqnirea definite 
time rate of application of centrifogel force up to the maxi- 

centrifugal time is 

ea^ off from a maiimam to nothing. The comfortable 
rate of chai^of s^leration (centrifugal) is iwommend- 
ed by ths r it.C. to be taken as 2,5 ft, per sec * up to speeds 

™ t^idius, the sharper the 
transition length. The length of the 
™^e fihould be the same as the "mn'^ of the su^-eWa- 

L=1;®Y' L is length of transition, 

R V is sp^ in m.p^i,.^ 

O' j radius of circular curve in ft 

air,? ‘''® ™ien«i »t thd cireolir 

both widening and snper-eleTatinn mo provided et 

Above^SMO R*^?' Jlfammetidt-'-Catya 

Above 3.000 ft. redios requu, „„ trangjttoi for r^ds 
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■abject to 30 milee ipeed and curves 5,0W ft- 

rcai, aot subject Ibnit. If the ^ot^eu^ 

of the curve doea not pcmut a approach, the 

curve should be made tranational throughout. 

In U.S.A- a lyiiwiinnTn tTunration length of 150 ^ 

roads of 30 miles speed and above is usually reconunend^ 
Easement curves are usually omitted from -^deg. and 
flatter circular curves. 

mnimuni Trtnadon Lengthi for Variotn Speed* 
and dure BadH (l.R.Cj_ 


Plain A KoUing OcKmUT 


Miu. Irausitiazi 
length! in ft. for 
speeds in imp.b. 


E 


Bin Tracts 


Min. Transitwn 



Badiui ! 
in ft. 

Inogthi in ft. for 
epe«di in in.ph. 


15 

10 

25 

30 

Above 





500 

50 

50 

50 

too 

450 

ri'l 

1 ■ 

tr 

*i 

400 


f. 

» 


uo 


b i 

ap 

lOO 

300 

m¥ 

r. 

100 

150 

250 


jr 

IrP 


SOO 

9¥ 

50 

PP 


150 

roo 

IQO 



1 too 

j 100 




L__ 

! 





Adopt greatest possible radius 
Opposite firm stepped line. In 
eitieme cases figures bet^^em 
firm and thin lines may be adopted. 

24. TRAFFIC ENGINEERING 
when the side road 

road at a right angle, Junctwns of lesser important roads 
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trith i more unportant one ahotiH be ftt ngbt 
And adequate provision should bo made for -visibility (lino 
of ffight] extending for a greater distance along the major 
road than along the mmor road. The two iUnstntioiU 
ahow the methods of alignment of new toads or re-align- 
ment of the old roads, (Baaed on BtitiBb Ministcj of 
Transport reoommeaidatioas.) The radius of the kerb 
line at the junctions is 35 R. which issuffidcnt to enable 
even the largest Tehiclea to keep doee to the kerb when 
turning. The additional space for manoeuveiing and 
particularly for decelerating and accelerating with 
minimum interference with the flow of traffic on the major 
road, is provided by tapered widenings of the oaniage- 
way to the extent of 8 ft, in a length of 300 ft. 

Fig. (a) 



road is of UtOo unportanoe rel*- 

77k " '“ds m nnimpor. 

„ .k “ of *Jw minor n»d shcrald bs staiimed 

•Wfls" ^ * “raundsboi?-, the 

may be used by mstiog tepsnte tum. 
^gjanes (with ui island in between the two) forthe side 

s™L^!f7i^T.i°* on sharp curves ehould be 

•voided If possible. It w »]» dafirshto to .void vertktl 
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curves at intersections; no junction should 
of Kradc. The whole of the junction area should be u^ne 
pl^eand as nearly as possible in that of mam r^ 
Liequate sight distance must be provided along all roads 
mn/i across their common comers. 

Aeiits Angl os and Y Junctions . « 

It to undesirable that roads shafl jom 
an acute angle. Where an acute ^le must be m^. 
the roads should be so designed or 
^ at an angle of 50* min : with 30 •' 

^er not iS than 60*. 

Jn^things consideied, the mtersection of traffic stream 
it right angles (75» to lOe**) is most favourable. 

Fiff (61 shows the alternative method of treating an 
acutfhinction where it to not possible to re-ali^ it at a 

^tigle. Use easy fUt curves at junc^ whwroa^ 

aTSi angle less .than 90*. Mm : turnup at 

junctions for c^crent intersecting angles are given m the 
following table. 

Mini— m Turaln* BmUI « Juncaom 


of JoDotioo 

op to SO (t. length 

or Track 

OO-deg. 

105-d«g. 

ltG.<kc* 

ISS^dcf. 

SO ft_ss ft. 

S5 ft. 

4S ft. 

00 ft. 

ISO ft. 

50 (U—M ft. 

00 ft. 

70 ft. 

90 ft. 

1 150 ft. 


CamDer or xafmnmu •• — 

XlM eunber of the »de rood ihonld not be oaniM 
Into the mejot roed, the crown of tto «do^ eho^ 
^ the diinnel of the mein roed. the cember of whioh 
dioald continoe unchanged aero* the junction. 

The crown of the main road ehould bo a continoona 
bone, and the neoooeaiy changoe of croaMOCtion for m«. 

in with the crown of the intereeotmg toad ehould be 
aa g...tn.l and ewoot aa poeeible 












rejicncAL cttil hasdsook 


T-JDHCnONS 


VlstblUtj st Comers^ Bendi and Jtutetions 

It is of first impfirtance in the interest df road safetj 
that drivers should have fnU viev of approaehitiE vebidu 
at a T-junction. Hie foUdwin^ UluietFatidna ^ov the 
Eight distance required in town areas vhero appropriate 
traffic signs are provided and the drivers have ample 
wajmings of the presence of the junction and thej do 
not normally travel at a speed in. evceas of about to 
20 m.p.h* This is formed by the boiMings at the ooraers 
apU^ to a line joining points IB ft* back each way from 
the junction of the building lines. The foot-paths on both 
the roade are considered to have 15 ft. of v^idtli* Where 
footTrays are narrower the splay ahanld be mcreasod pro* 
portionntely* If modification ia desirable due to 
aesthetic reasons the adjustment should be made by 
longtheniog one of the sight lines. 
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The foUovring eight dietuioee it nod junctions are 
rococuneaded for Indi&n ocnditionsji which are t^en on 
the centre Unea of the rtjadfl 


Speed in ffihp.h. 

IS 

£0 


30 

SO 

40 

60 

Sight distnnoe 

§Q 

90 

130 

160 

210 

2B0 

360 


(TWi i» difEareBt from (!» ■topping diitanoe giTan «»liHr.] 

T-jniictioiiB mth carrift^way of more than 55 ft. 
w^th with another of sinular aiie ahould preferably he 


The min: turning radius of a 
vehicle ia the rediua of the 
sharpeet ctirre that could be 
tracM hy ita outer front wheel. 
When a vehide ia tnrnii^, the 
rear wheela do not follow the 
tracks of the front wheals and 
the track followed by the 
inner rear wheel normally 
detmmnea the radiua and shape 
of curve to which the kerb line 

fflAirar umT akli thidi [g 

If loadi knrba are designed with a taming dnle of 
30 ft radina, preferably 35 ft, most of the vehidea can 
Timn palate easily; and which should bo 60 to 55 ft. radiua 
for xi»d by tonMe and trucks, or tractor and trailer 
«ombii»tkHis. In collated town 
hT light cars, a kerb radius of 15 ft, shouM be regarded 
«a ah^ufe minimum and it mnat have toad width of 
at least 15 ft- Th« vehicles can turn only with very slow 
sp^ Where the angle is more than gOMieg. greater 
iSus wiU be required, as given in a previous Uhle. 

When the kerb rediuB is leas than 15 ft. it w advusble 
to adopt a curve laid to two different radii rather than use 
B drciHar cnrve.a smaller carve at the oommenoemcat of 
the turn and the larger curve at the end of the turn. 

Some American engineers recommend for important 
90-deg inter-aections which have to aocommodate large 


controlled by a rotary. 
Turning Ctrdra: 
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tracks, a thTW-oentetftl compound carre of mtnimam 
radii sucoeswToly of 120,38 and 120 ft* With tliis, rainicmm 
Uoe width near the centre of the oarvo wiE! approu^ 
20 ft. for turmng large trucks. 

Certain d^gn features of complicated iatecwotkos 
oan be tested by actual use. Temporary chaiioeliEmg 
islsjidA can be made of sand bags which can be easily 
shifted aronnd. Sand sprinkled over the carrisge-waja 
will indicate vehicle paths* 


mnliDuin Taming Radii lor DUtsrent niTOm of TabJeka 


TSh&dB 

Ol 

c 

Width 

s*- 

03 ® 

e 

■a £ 
-e 
g ^ 
2 ^ 
EBr o 

(3 

11 

-a 

e 

> 

Mtn* dsilria* 
bis mdios 

nift- 

bun 

Ewoa 

A 

E 

D 

0 

B' 

c 


R- 

R' 

R 

B' 

B' 

Oar 

Bdl H 
Truck 

IS' 

S.8' 

30' 

SS' 

S' 

*.r 

8' 

S' 

*' 

fl" 

y 

T' 

8.7" 

12 7" 

1.3" 

S" 

S8.7" 

ur 

S<K 

SO" 

5.V 

40. r 

«S3" 

28' 

U.8" 

43' 

lo.y 

57.31 

sa'5' 

ar 


Stx« td Motor Vehidea ; (Ckra) 
Hie dinumsiona are 
overall inclnsiva of etxtreme 
projecting points. 


Sies 

Max* 

Mm, 

benjtb ... 
Width 
HeiUit * * 

7'.^>' 

O'*!®* 

4".i' 


un IIUUTIC ROTABIES 

M»pro»arfwh«. two or »«« »,* 

’'‘‘"T demCly erooodj. 

500 vehidea fpa^cnger cars) per hour of aD the 

^,-^1 

of traffic ante™ from the minor road is more than 25 
per cent of all the traffic entering the intoraectiom o“bem 
many vehiclea make a right hand turn, T R r 

at^t TO per oent of the total motor traffic on all the 

fBt^nNtuig r(»di OF tho bt 
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forms &t Ifiost 30 pef cent of the totaJ. Some engineen 
reoomn'end the adoption of rot&ries where the right hukd 
tom Li 50 per oent or where the eroes traffic ia 30 per cesit 
or more of the total and for a traffic density of otbt 
400 TChidea. 

For oonditioQB in India l.R^C. assume a hdllodc 
cart equiTalent to 3 passenger ears on leFel teiraiii 
and to 6 in rolling' oouutry; trucks being counted equal 
to 2 and 4 leapectirely and a cycle ia cnnnted equal to 
one car. with dual back wheels are commercial 

Tehiclee.) 

A roundabout impoera restraint on the speed of aH 
etreamB end all classes of traCTIo, but provides for continuotia 
movement. All traffic except that making a left-hand 
turn is forced to make a detonr but even on a large round- 
about thia is not uioommenisDrate with the advantage 
gaiiied. Roundabouts are not imitable where the angle 
of intenection of two roads ia Tory acute, where the Ss- 
tance between the intersectioDa tenda to be small, or 
where pedeetrUn traffic Is large. 

5h^, Sixe and Reslgii of Ttallle Islands. The moat 
nsual shapes are drcnlar or eHipticaJ (elongated) and 
depend upon the site conditions, snglea of iniersKtioiia 
of the roads and the amount of traffic on the parti¬ 
cular roads. Circular shape is the most economical and 
is suitable where all the roods carry nearly equal volnmes 
of traffia and intersect at nearly equal angles. Elongated 
shape is adopted at intersections where the croaa traffic 
ia smsH; the elozigation sbould be in the direction of the 
greater flow and it ahouM be » limited that the radioa 
of curvature at the sharpest point is not tesa than 6D ft. 
and the island is not elongated too much so that there 
is not large difference between the speeds of the traffic 
of the major and minor roads. The eccact shape is de¬ 
termined by connecting tbo sections of the ro^ round 
the central islajid to form a closed figure giving at least 
the minimum weaving length between, adjacent radia] 
roads. 

At intenection of any two or more highways 
for different speeds it aeema proper to baae the desigii of 
a rotary on the highest dMg" spem of any cf the highways^ 
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r^a^ess of whether or not it carries the greatest volume of 
traffic. The recommended minimum design speeds around 
rotaries for Indian ccmditions are 20 and 25 m.p.h. 

Vehicles can travel round at a speed of 15 m.p.h. 
of a 100 ft. diameter island and at 25 m.p.h. round 
a 160 ft. diameter island where super-elevation has been 
provided. Size of the central island should not be lees than 
100 ft. diameter although islands have been buUt with 
60 ft. diameter. A 60 ft. diameter island has been ob¬ 
served to take 2.500 vehicles (including cycles) per hour, 
a 76 ft. diameter island 3,000 vehicles per hour and a 1<X) ft. 
diameter island 3,600 vehicles per hour. (Not in India). 

Width of the carriageway ronnd the island (rotary 
roadway) should not be less than one-fourth the total width 


of all the radial roads and not less than one-half the width 
of the widest road plus width of one lane, whichever is 
more. A min : width of 24 ft. is recommended in U.S.A. and 
30 ft. in U.K. Width diould not be in excess of the traffic 
recjuirements. It is important that spacious areas which 
permit “open-field running” be eliminated by the provi¬ 
sion of directional islands that leave little choice of route. 

The width of carriageway of the radial road at the 
entrance and the exit of the rotary. ».e,, the width be¬ 
tween the channelizing island and the kerb should be in¬ 
creased. Under Indian conditions of mixed traffic where 
alow moving traffic will cluster at the approaches to a 
busy intereection, H is desirable to have a minimum width 
of carriageway equivalent to two lanes at the entry and 
exit of a rotary. Where the rotary diameter and the width 
of carriageway according to the table given at page 18/182 
d^not provide for adequate weaving length, the diameter 
of the rotary should be increased. 


Adequate and proper super-elevation can rarely bo 
pven on therefore, a large radius for the 

isla^ should be ^ed at. Inner portion of the rotary 
roadways by vehicles turning right and the eroes- 

slope r^mred by vehicles at entry a^ exit is opposite 
r* these cross slopes produces a “crown 

liM ^ch wiD be at a distance of about 2 lanes from 

*i***M°l*i . E*^tranoo, exit and rotary roadwairs 

should be designed with as flat superelevation slopes C 
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is practicable. A cross slope of about 1/20 is generally 
adequate with max; of 1/16. In all cases of changes in 
the cross slopes, the transitioa should be gradual. 

Radii of Curves at Entrance and Exit. The British 
Ministry of Transport recommends a max : radios of kerb 
at entry of 35 ft. and at exit 70 ft. in built-up areas, and 
60 ft. and 150 ft. in areas outside towns. I.rt.C. recom¬ 
mend the radius of the entry curve equal to the min: 
radius of the central island recommend^ for the design 
speed and the radios of the exit curve 1^ times the radios 
of entry with a min : of 100 ft. for design speed of 20 m.p.h. 
and 150 ft. for 25 m.p.h. 



Channellxlng Islands, Directional Islands, or Rsfugea. 
Are small triangular shaped raised pavements or islands 
made at the entrance of ue radial roads to the rotary car¬ 
riageway to reduce the area of conflict between intersecting 
traffic streeuns by {xoviding separate entries and exits 
of the rotary. Channelizing islands are also used as 
pedestrian refuges and for erecting signs and lighting the 
roadway. All islands should be provided with highly 
visible rounded kerbs. 4 to 6 inches hi^. which may per¬ 
mit a motor vehicle occasionally to mount the isli^ in 
case of emergency. Where these islands are used as pe¬ 
destrian refuges, the kerbs should be strai^t and 7 to 9 
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inches h^. By providing channelizing islands, vehicles 
are confined to definite paths. 'When covers or pedes¬ 
trians have free choice of rontes through large intersec¬ 
tions, their actions cannot be predicted by others. This 
creates confusion and congestions and often leads to acci¬ 
dents. 

Medi^ Strips are long directional islands usually 
provided in four-lane pavements or wide avenues to de¬ 
marcate the line of separation of the lanes for incoming 
and outgoing t^ic. These t^e the form of a curb 2 
to 4 ft. wide with rancrete edging and grass turfing in the 
middle. 

Pavement strips or lane markers should not he used on 
the pavement of the rotary roadway or on the entrances 
and exits. 

Sufficient sighting distance should be provided where 
posable and cauUonary sign boards (or the standard sign 
indicatmg the presence of the rotary) should be put up 
at proper places advising drivers to r^uce speeds accord¬ 
ing to the design speed of the roundabout. Shrubs or 
bushes shodd ^ planted at the centre of the island so as 
to screen the glare of on-coming headlights, or some sort 
of masonry structure should be built at least four feet high. 



20 

26 

30 

40 

SO 

60 

Rotary tomieg speed in m.p.h. 

is' 

20 

25 

30 

« 

40 

Min. radjoa of edge of pavement 
or kerb (for trocka and buaea) 

65' 

66' 

1 loci' 

1 

IMKilSO' 

260' 

Min. diameter of central ialand: 
witboot aoper-eln-ation 
with l/lOsoper-elcTation 

100' 

100* 

140'! 210* 
ISO' 180' 

280* 

260' 

480' 

380' 

640' 

640' 

Width of eaxTiageway around 

22 to SO ft. 



Weaving length 

Min. 

M., 



ISC' 

SOtK 

ISC' 210' 
400' 600' 

240' 

600' 


mtarv ■k/mU essential that a traffic 

ground. It rosy be 

.t Dot 3,.“*^ horirintal 

ou and the maximum grade of any 
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Approaching load in the Tidnity o£ tha rota^ ehonld not 
exceed 1 in SO. Grades of roads Approaohmg or Titbia 
a rotary ehoidd in no ca^ exesed. L in 20- 

TRAfTlC MABfinfOS AMD BOAD SIGHS 

White LlBaa-^Trafllo-LaJae Mar^og 

The lines mark the divisaons of oarriageway lanes and 
are made 4 to 5 ini» wide (3 ins, min:^ 4 Lna. eornmon) lon^^ 
tudinal strips and B in- wide transTerse stripe set out in 
oocordanoe with the following schedolc: 

(а) On straight lengths of highways: 3 ft, linee with 
15 ft. gap; 9 ft, linee with 9 ft. gap; or 5 ft, lines 
with 10 ft, gapa^ 

(б) In town areas with heavy traffic : 3 ft, linos with 
3 ft, gap ; 3 ft. lines with 9 ft. gap. 

(c] At bea^ and near junctioqs ; Central centi- 
nnous extending 100 ft. in each direction 
beyond the tangent points. OontinaOns lines ore 
us^ to prohibit crossing. 

White and blwk strips have greater visibility than fall 
white surface. A white line plao^ 13 ins. from the edge 
of the pavement allo^ higher night speeds with, greater 
safety. The lines should be rough textnred. The common 
white paint is not quite suitable as it Ls not very durable, 
and is smooth. White asphalt and mastic can be used, 
or a mixture of the following : 

Beam; oil; white sand; white filler (whiting) and 
white pigment. Pigment content must be 5 to 10 per cent 
for viaibUity- Paunta should preferably be made with 
lacquer (varnish in alcohol) and gloss beads of the size of 
fine sand to increase night visibility, glass beads refJeet 
light at night. For painting white lines machluea are also 
Available which apply the paint by brush or by a powef 
driven sprayer. Hand painting is generaDy dons with 
stencils cat of the size of the lini». Plastic material has 
now been introduced for marking white linra which is 
applied hot by machine. Powdered glass or crushed 
marble are generally used with the ploatic binder. 

Road Signs 

Standard designs for road signs in India should ba 
obtained from the I B.C, Certain genenl principles are 
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recognized internationally. Signs giving warning of 
danger incorporate a red triangle, this auin:ounta a rec- 
tan^ar plate on which symbols and words indicating 
the danger are ^en. The red triangle is 18'xl8'xl8' 
outride edges with 3' red border and the centre white 
or hollow. The rectangular symbol plate is 18'xl5' to 
12'xl0* rite, preferably with a red border. The space 
between the red triangle and the symbol plate is about 

Prohibitoiy signs include a red disk of 2 ft. diameter, 
sunnountii^ a rectan^lar plate on which the subject of 
the prohibition is indicated, or a red ring surrounding a 
on which similar indication is given. Mandatory 
signs include a red ring surmounting a rectangular plate. 
Inforroatory signs are rectangular plates with no red colour. 

All road signs should be erected at a distance not greater 
than 10 ft. and not less than 6 ft. from the edge of the 
carriageway in outride town areas. In huilt>np areas and 
mountainous country, the distance between the edge of the 
ripi nearest to the pavement and a vertical line drawn from 
the edge of the pavement (face of kerb) shall be not less than 
height of the lower edge of the signs 
shall be 7 ft. from the level of the crown of the 
road Some engineers, however, consider that the ideal 
height of the centre of a traffic rign is at the eye 
level of the person for whom it is intended ; in open 
country it should be 3 ft..6 ins. and in towns 6 ft..9 ms. 
ijWe rMd 3 'x3;x|' T-iron nuiy b« lued for the 

P®** j ^ ground, Verticel posts shoidd 


if ° Of information signs should he fixed at 

T on steep down grades, 

ft* on *te^ up-grades from the point of danger or 
the arte, and should be erected on the left hand ride of the 
rwd ft^g the approaching traffic. Warning rigna should 
ft • straight secti^ of the 

Af “ necessary) and should be 

«. given in I.B.C. 
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Refleeting Road Studs are very useful for ^ 
of drivers at night. Spherical glaaa ‘ca^eye reflectora 
are used which are embedded into notches ma^ on the 
edges of the kerbs or fixed at 30 ft. centres on ^rai^t roads 
midway between the dashes of the interrupted white lines, 
and at 12 ft. centres on bends which have the 
white line. On vertical planes the studs are fixed 3K.- 

6 ins. sbovn road level. , 

All renectoriied signs shsU face approximately on^ 
tenth of the width of the sign toward the omtre line of the 
roadway. All other signs should 

traffic. On grades reflectorixed signs shall bo tdted forj^ 
or backward and raised or lowered so that the f"* 9^ 
line is approximately jwrpeodicular to and m line with the 
headlines of approaching vehicles. 


Mile and Pnrlong Stonea ._ . 

Type designs for highway milestones are gi vro^ m 
I.B.C.^ou^ vol. XVtn-1, Dec. ^ for furlong 
and bonndarv stones in vol. XVlI-l, Deo. ly p- ^ 

Mae and furlong stones may be made of ore^ hard 
stone or of lightly reinforced concrete. J^e »"d 
stones shall he located on the left-hand side of the ro^ m 
one proceeds from the terminal station fi^ which the 
Bulaie count starts. The faces of the mUe^n* on tto 
mate roads shaU make an angle of 60 deg. ‘’'.® 
line of the road. Furlong stones may he fixed wi^their 
faces either parallel or at right ai^cs to the oe^ Uno 
of the road, in which case, both the ^ ^ ^ 
(same) inscription. The stones shaU be fixed ytaide tto 
edge of the formation (or shoulder) on specially erects 

platforms, protected '>y , R ft 

cutting they shaU be fixed clear of the shoulder, 5 ft. 
from 5ie metal edge in speciaUy cut mtch« 6 ft. long. 
The stone* should be fixed 2 ft. below ground level m oom- 
TMLcted hard soil. In looee and damp soils the stones a^ukl 
be encased with 6' of lean concrete on aU aides below 

The sixe of the milestone slabs prescribed by 
b 2'.9' wide by 2'.ll' high, and of furlong ator^ 1 -3 
total height with top rounded, by 9 wide and 4 thick. 
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A^ve groimd level On furlong stones, the number in- 
dicAting the mile should be inscribed above the number 
indicting the furlong, and the inscription should denote 
its dista n ce from the starting point of the road, viz., f indi¬ 
cates 5th furloi^ stone of the first mile; ^ indicates the end 
of 6th furlong in 5th mile, or, in other words, the furiong 
stone is situated 4 miles and 0 furlongs from the starting 
point of the road. Prefer to have all letters and figures 
cut into the stone with a V shaped incision which greatly 
xadhtatM neat repainting and prevent errors; depth of 
cutting is I*. The stones shall be painted with a back¬ 
ground of light yellow and the letters in black. 


STREET UGHTING 

lighting from one side of the road only will be un- 
■■^isfactory except on bends. Bfaximum distance between 
the two rows of light sources should not exceed 30 ft. if 
A dark centre to the road is to be avoided. Therefore, 
roads up to 30 ft. wide can be effectively lighted by lights 
mowt^ vertically above the kerb-line at each side. For 
road width s up to 40 ft., brackets should be used to over- 

^ ^ ‘he distance between 

rows of Mt to 30 ft. Roads more than 40 ft. wide wfll 
A line of lights verticaUy above each kerb-line and 
Actional lights suspended over the centre of the road 
at mtervak not exce«^ every third span. The maxi- 

the kerCi should not be 
more thM 6 ft. m order to avoid unduly dark patches 
OT the kerU and f^ays. Centre line, of the lamp 
posts should preferably be 2 ft. inside from the kerb fa<J. 



^ So-ft. in highw.7,:-;„7h 

^ ^ outside built-up areas. With 

iUnmination can be mainJiS 
even though individual units are widelv 

^tn>g .Uo g«.Uy reduce th, bUndin^ 
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Where there ie interference from trees bordering the 
road, lights should be centrally suspended; kerbs and 
footways will not be well light^ with this system except 
in comparatively narrow streets fronted by Ughtocoloured 
buildings which will reflect the light. 

On bends, a lamp should always be dead ahead of a 
driver, or nearly so. On an S bend it will be necessary 
to change the lamps from one side of the road to the other 
at some point in the middle of the bend. Singlc'side mount* 
ing should be employed at long curves having a radius of 
curvature of less thiui 2,000 ft. 

At road junctions and roundabouts it is particularly 
important to ensure that sources of light are so j^aced 
that a driver cannot only see from some distance away 
that he is approaching a junction but can also appreciate 
the route which he should foQow. At small roun^bouts 
with central islands of diameter of say, 60 ft., a single 
light of the cut-off type having symmetrical diriribution. 
and mounted centrally at a height of 30 to 35 ft. above 
the carriageway will be found suitable. For bigmr islands 
lights should be provided above the kerb of^e central 
island in line with each approach traffic lane. Lights 
are required over the weaving portions of a rotary on the 
outer kerbs of the roundabout carriageway, where the 
central island exceeds 100 ft. in diameter, lights should 
also be provided at the kerbs near footpaths crossing ro¬ 
taries in order to provide adequate visibility at the crossings 
for drivers leaving the roundabout. 

A bright patch must be provided at the mouth of the 
junction of a crossing, and this entails siting a lamp on 
the far side of the junction from the observer (opposite the 
on-coming traffic l^e). An intersection of two roads will 
require four lamps, one not more than 40 ft. along each road 
on the left-hand side, and the other not more than 120 ft. 
from the crossing. 

Parkiiig Places and Lay-bys 

For parking at open places a gross area of about 250 sq. 
ft. for each oar may be taken. (This makes due allowance 
for access roads, irregularities in manoeuvring and open¬ 
ing of doors). For parking parallel to the kerb, 8 ft. of 
actional pavement on each side should be provided. 
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and for parking either diagonally or at right anglee to the 
kerb an extra width of at least 18 ft. is needed. 

On important roads lay-bys shoiild be provided at 
intervals to enable vehicles to draw off the ro^ for tempo¬ 
rary parking or for repairs. Bays should also be provided 
for bus stops. A site of about 100' x 8' is adequate for 
lay-bys. 

25. ROAD EMBANKMENTS 
(Embankments have been described in detail in the 
Section on "Irrigation”.) 

Borrow Pits (or Highway Embankments 

Borrow pits should be rectangular in shape with their 
long sides parallel to the road, and no borrow pit should 
be dug within 15 ft. of the toe of the final section of the 
road (of a bank). Borrow pits should not be continuous 
unless intended to be used as side or catch-drains, and 
should be of regular shape, preferably of equal sizes in 
multiples of 10 ft. to facilitate measurements, and not more 
than 2 ft. deep. 

Where the road embankment acts as a flood bank, 
the finished road level should be at least 18' above the 
highest flood level. Allow a monsoon to pan* over a road 
bank and compact it again before metalling. The down¬ 
stream slope of the bank should have sufficient cover 
over the saturation line as explained under "IrrigaticMi”. 
All earth for the embankments should be borrowed, as 
far as pomble, on the river side. The inner edge of any 
borrow nit should be 60 to 100 ft. away from the toe of the 
bank, the distance depending upon the magnitude and 
height of the flood to be withstood. Ordinarily no 
borrow pits should be dug on the land aide, where this is 
not possible a berm at least 80 ft. wide should be left be¬ 
tween the Iwrrow pit and the toe of the bank. 

All taUits Or mutams (dead men) must be removed as 
soon as the work has been measured up and checked for 
payment, and the earth uaed up in the embankmente. 

Outer Slopes of Embankments 

Side slopM should be as gentle as possible. Slopes 
steeper than 2 : 1 (hor. ; ver.) should never be used even 
though structurally stable. Provide 4:1 if the embank- 
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ment is up to 2 ft. height to enable motors getti^ down 
in of emergency^ and natural slope of the soil if over 
2 ft height Some engineeifl recommend 4:1 if under 
6 ft. high end 2 :1 if over 6 ft. high. Any alope steeper 
than 3 ’ 1 is not desirable. Provide guard raUa where 
embankment is 0 ft. high or higher. Desirabb ahoT^er 
slope has been given under "camber or croffi fall . Top 
and bottom of the alopea of banka and cuttings should be 
rounded off. 

20> ROADSIDE DRAINAGE 

This subject has been described in detail in the Sec^ 
on "Drainage and Sewerage" and also under Sub'Sod 

Drainage and Moisture Control”. » u ij: 

For traffic safety the roadside dramago channel ahould 
be wide and ahaQow* For an open ditch chao^h a dr^ 
which is as wide as it is deep will be perhaps, the cheapea^ 
A bottom width k« than 4 ft. is difncult to construct and 
clean out. The depth should vary from a u^mnm of 
about 1 ft. below the edge of shoulder m ^ons of iow 
rainfall intensitiw to a miniTnurn of ft. in distneta of 
high rainfall. The bottom shotdd bo rounded ^ a 
rounded eection is kiaa oonduoUve to e™on than tte 
trapeioidal or V-section. In rock emts, the back slopes 
will dccesifarily be voty steep where the dredge chapel 
may have a narrow V-ahaped cross-section. The jostled 
flow level in a ditch channel in cutting should not he higher 
than bottom of the baae course of the road. 

Boad-tide CuUIet or Inlets 

The distance apart for placing rosd-aide gulhaa 
pends upon the available lonjptudinal fall and crow fml. 
and eenerally varies between I BO to 300 ft . and Mch ^y 
is reouired to drain an area of about 2500 atj* ft . 
spacing will be aU right for a road about 15 ft. ^de. For 
wider roads, the distance apart of gulhea ehould be pro¬ 
portionately reduced. The inlet openings arc either hon- 
ionUl or vertical. The bare of the horizontal 
must be closely spaced and strong enough to wilhst^ 
traffic. Gratings to be effective should have opemnw 
parallel to the flow. Road inlets ere generally combined 
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with catch-pItA which are about 2 ft. deep bebw the InTart 
of the outlet. (See also under “Kerbs”*) 

In Order to facilitate surfaee drainafe^ channels should 
be graded to a mlnmiiiiu fall (longitudinal dope) of 1 lU 
260* (Prefer 1 in 200). 

A concrete channel is formed in front of the road kerb 
about 8' wide and 1^' deep towards the kerb to give a 
cross slope* If the road slab is of qoncretep a longitudinal 
Joint should bo made between the parement slab «Tid the 
channel slab* 

UDderground Ducts. AH ducts should be laid with a 
slope of 3' per 100 ft* to drain out any water. 

Telegraph, Telephone or Electric Poles cte* should be 
fixed normally at least 6 ft* ontstde the existing road edge 
and if possible, at the road boandaries, 

27. PREPARATION OF HIGHWAY PROJECTS 


Sorvejing and Planning tar a Road Pruftici 

Survo}' and alignment of a new road do not generally 
present many problems ezeept in a hilly and mountainous 
country which call for spec^ skill. The aim should be 
to establish the easiest, shortest ftr>d the moat econonucaJ 
line of oommiimcatioii between the obligatory points which 
will have the minimum cost of construction and main', 
tenance. In trying to reduce the cost of construction it 
is false economy to lower the standards of al^nmcnt and 
grade of the road. Sharp enrvee and steep gradients dioald 
be avoided a^ balancing cuttings and fillings obtaiued 
as far as possible. As far as possible, the roa^ alignment 
should^ be on a high ground or ridge to ensure good drainage. 
Sometnues the length of the route will necessitate increase 
(which ^onld be done only wit hin eDauomical limits of 
the motive power and the extra construction and. main- 
tenance cost) to obtain easy curves and gradients. Of 
recent years greater attention has been paid to fitting 
the ro^ uito the landscape, and doieg all possible to pr»* 
countryside. It ia usually agreed 
that this done by the use of long aweeping curves, 

both verti^ and horizontal, and by avoidano^of hard 
une^ In layuw down the mmin^nT^ vertical A ^ d hori- 
lontal curves the basic idea is that a reasonably long aeo- 
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Uon of any road should pentut of the asms epeed boiu|^ 
mAintained throu^hO'Ut. A aeries of large radius rerticsal 
curves are moch more oconoinjcai. 

Field Rwoppatssance sod Sorvey 

ReconDaisaance and prelimioaiy iovefitig&tioii ia of 
utmofit importance and should be undertaken by an ex¬ 
perienced and responsible officer. General exammaticn 
can be done by walking or riding along the probable 
routes when full notea abould be taken of aU the oondin. 
tions existing around the general direction of the route, 
a wide belt on either aide should he examined, Hiia 
general examination enables the engineer to select one 
or more promising routes w^hich have to be invest^ted 
in detail. The field reconnai^ance work should be foUewed 
by trial surveiy and finaUy be the permanent detailed 
■urvey. Bcconnaiasance and preliminary survey can be 
done by plane table and prismstie compass, aneroid baro¬ 
meter and the dinometer (for hill wor^)^ Distances can 
bo estimated by pacing or measuring wheel or rotometer* 
Ten to fifteen miles can be covered in a day in the plains 
and two to four miles in the hHls, depending on the natmie 
of the country^ Proposed alignmenta are marked on the 
grouzK] plans prepared from the priamatic compass survey. 

Reconnaissance in moontainous country is better 
ruu from the summit downward.^ Particular notice should 
be taken of auitahle placea for turns. Long stretebea in 
one directiou before reversal are preferable^ In snow 
areas, locatioua should, if possible, be confined to slopes 
expD^ to the aun m order to avoid icing of the roadway. 
Aerial photographs are very useful for locating poffitioua 
in such situationa. 

Ctoes-aectrous of the country are taken at ri^t an^es 
to the centre-line of the alignment with greater or less 
ftequenoy according aa the ori^al surface of the ground 
is more or less transTcisely doping. For a preliminary 
survey in the hills cmss-aectiona are taken at 500 to 1000 ft. 
apsTt with a chnometeT, Abney level or ghat ttacer. The 
trial line can be run by dmomoter and langiug rods and 
marked by stakre or by makmg white mari ts qq trees. 
The distanoe can be chained and typical eroea elopse noted 
by chnoiDeter readings. The tr^ line should m traced 
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in the field at a slightly flatter and easier grade than spe- 
dfied as mling to ^ow for shortening when curves are 
put in. 

For final survey cross-sections are taken extending 
to between 150 to 300 ft., according to dreumstamwe. 
but always beyond the water-line of the flooded land on 
cither side of the line. When the side slope of the country 
is steeper than 1 in 15, those cross-sections should be taken 
at about 100 ft. intervals or closer, and sufficiently far on 
each side of the centre lino to allow of adjustment of align¬ 
ment in the office. 

Alignment . 

Alignment is the course or route along which a road 
is located. In locating the line during the initial layout or 
when canyiny out the detailed survey, no attempt should 
be made to run in curves but the al i g nm ent should be a 
series of tangents. The road boundaries are fixed by a 
theodolite traverse. Centre line is pegged every 100 ft. on 
straights and every 50 ft. or less on curves. AD tangent 
points are pegged and reference pegs placed appodte aU 
tangent points and not more than 200 ft. to 300 ft. on 
straights. 

The aUgnment of a hUl road should be on the side of 
the rock wUch is sound and solid. The dip of strata in 
the side of hiU should not be towards the road otherwise 
landslide wiD occur. There should also be no indined 
fissures. 

The foUowing surveying instruments are generaUy 
required :— 

Hane table, prismatic compass, dumpy level, clino¬ 
meter. ^lat tracer or Abney’s level. Aneroid barometer, 
theodolite, 100 ft. tape, foot rule, spirit level, poles, chain, 
string, p^, hammer, white lime powder for m a rkin g 
lines, wUte paint for marking on trees, hatchet for cutting 
boshes, spades, jumpers, note books. 

The progress for laying out the alignments depends 
upon the nature of the country. On an average a party 
can cover about 4 nulee per day in t he plains (adding extra 
time for laying out curves) and <mly about lO^nues per 
month in t^ hilU, 
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PROJECT ESTIMATES FOR fflCHWAY SCHEBfES 

A road project estimate should contain the following 
information : — 

Report 

The report should be brief but full of all the important 
information and which should be written as the survey 
(or reconnaissance) progresses and should outline : 

Previous history of the road if any existing, or history 
of the proposal of the road; its present condition; topo¬ 
graphical and geological features; possible future de- 
^lopmenU of the areas surrounding the road; rainfalls 
and floods, etc. 

Give details of the proposed alignment, its special 
features and justification for the selection of the particular 
alignment. Necessity for any heavy banks or cutting 
proposed and why these could not be avoided. Details 
of pudienta and curves with radii, and where they are in 
any way unusual. Sight distances and the corresponding 
provisions made at horiiontal and vertical curves. 

Formation width with relation to the existing and 
future traffic. Land widths to bo acquired; permanent 
and temporary acquisitions. 

Masonry works to be built: Bridges, culverts, cause¬ 
ways, drainage, retaining walls, rest houses, mile and 
furlong stones, etc. Prepare separate sub-estimates for 
aU important works. 

Materials and Labour 

Materials available locally with reference to the vari¬ 
ous sections of the road and their suitability as road metal. 
How labour will be provided for the work. Agency for 
execution of the project. Any machinery recommended. 

The Estimate of Quantities should contain the fol¬ 
lowing items (Separate estimates) 

(а) road work—earthwork, base course, me¬ 
talling ; small masonry works, pipe culverts, retaining 
walls, side drains, parapet walls, fencings, mile and furlong 
stones, sign posts, aiding and parking places. 

(б) Briages, culverts, causeways, rest houses. 

(c) Arboriculture, nurseries, w^ 
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(if) Acqui^ion qf lAnd—estiiiiat«$ of coata foi differ¬ 
ent t^&tegonea of lands. 

atmct™, and also for irater-supply, 
tj) J^imate for prdiMoiajy atiTTey. 

For M roads the increase in length over air diatancw 
may be 45 to 80 per cent. Aa a rough guide a 65 
p« wt iiK^Be may be assumed in the abaeuce of exact 
newua^ lor the preparation of estimates of cost of surrey 
and roogn coat of constnictions. 

Drawings 

.-.-fSL™? = ‘o of the foHowijig 

T of ar« to be eovered.^ 

iMfaon of the road with cespeet to im- 

(rail road waterJ^ ej^mg means of communication* 
Iran. road, wat^ays) m the neighbourhood. 

Scsales : i mch to ] mile 

i TP pr 1 mile 

i >p „ 1 m^e 

TT TT ti I TFiil n 

of show the geneml topography 

^ «rf iTdnetrial^U 

aerrea oy the road and also the -nd nmiKMied 

or ^JnlgnmenCrft^ 

are marked at 50 ft m* ^ roads ooutoun 

Geolc^icaJ surrey 

to a mUe; I mch^fa' ^ ^ 

too small for above deSil! ““5" g^iieraJly avaUable are 

A" .&s‘c;s^,.r 

Are drawn to plaw : 

mile, showing the prepoeed^S^l ^ 

width of riSt-of-way ^™>“ons, curm. 

boondanes, etc. uilding aiid control linea, rillage 

fttaibJ Sola; 

Plain and open eottutiy- 
HoMontal for plan and f I.,,,- 
Vertical for L 220ft.«liEL 

'^-sections lOft.=Iine 
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Cloae or hilly country : 

UOTuontal for plan and L—aection 100 ft. »1 in. 

Vertical for L or croea section 20 ft. »! in. 

(The vertical scale usually adopted is 1/lOth of the 
horizontal scale.) 

(t) The detail plan should show : Centre line of the 
propo^ road, boundaries of the right-of-way, existing 
structures, contours of levels, description of soils, drainage 
courses, ponds, tanks, curve ^ta, d^ns crossings, reduced 
distances of cross-sections, bench marks, etc. 

(it) The Jongitudinal section should show: The 
datum line, groui^ levels, formation levels, height of 
bank, depth of cuttings, soil classifications, gi^ents, 
vertical curve data, drainage crossings, and any bench 
marks of which levels may have been taken. 

(tit) The cross-sections should show : The existing 
and formation levels, areas of cuttings and fillings, side 
drains, catch drains, land widths, building lines and control 
lines, etc. 

(The above are based generally on the instructions 
issued by the Consulting Engineer (Roads) to Ctovemment 
of India.) 

Initial costs of different types of roads taking 100 for 
water-bound macadam per unit of surface area : 



Weter-bound 

asphalt 

4^' cement 


mecodem 

macadam 

oonorete 

“CoS 

Too 

230 

420 

Life 

t to 4 years 

to to 12 yean 

SO yean 


Repairs and Maintenance 

The following figures may be taken for approximate 
estimating of different road surfaces under memnm ocm- 
ditions of traffic : 

Water-bcund macadam : 

per unit of surface area 

Taking oost .. 100.0 

Routine maintenance .. .. 4.0 

Renewal coat every 3 or 4 years (or earlier) .. 62.0 
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1|* Atphalt macadam : 

Taking initial coat 

. ,. 100.0 
2,3 
24.0 
85.0 

BoutLne annual maintenance 

Seal coat every 4th year 

Benewal eoat every l£th j^ar 

4|' Cement eoficnU i 

Taldng initial cost .» * < 

.. IGO.O 

Annual maintenance *« 

,. 00.4 


It Lb coneidered that about 60 to 70 per cent of the 
repair grant should be available for re-surfacmg^ 

It haa been estimated that the total aaving on the cost 
of tranaportalion ia about 12 nP, per vehicle mile from 
bad to good roads or from KcUeha to average mads^ 

For buUock-cart traffic the saving has been estimated 
at SO nF» per ton mUe* 
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HIGHWAY BRIDGES & CULVERTS 
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Approaches to Bridges 

.* 19/3 

2. 

Parapets and Hand-rails 

„ 19/3 

3. 

Kerbs or Wheel-guards 

„ 19/4 

4. 

Footways on Bridges A Pedestrian Bridges 

.. 19/4 

5. 

Width of Roadways on Bridges 

19/5 

6. 

Waterways for Bridges 

.. 19/5 


Catchment Aiw ; Ihin’s Dmnage Table ■ 

Afflux; Free board 

T. Bridg^e Foundationg ^ < * * ■ • 19/S 

Sew; X^epth of FoundatloDB : Well Founda¬ 
tions ; Ooffer-dams; Cflisaons, Steel Cylindera 

5. Design of Abutments A Wing WaJla ^ ^ lfi/17 

Earth Cushion ; Roadway Approach Slab. 

6. Design of Picia * »» 1&/24 

Shape of Pier. Cut-waters and Ease-wateia; 

Size of Pier, Pier Caps 

Forces Acting on Bridge Piers r Impact; 

Traction Forces; Centrifugal Force; Wind; 
Expansion and Contraction of Structures, etc. 
Working Streescs 

Trestle Bent Piers, Pile Bent Piers ; Columa 
Bent Piers ; Cribs ; Cylinder Piers. 

Bearings; Sliding Bearings. RoHer and 
Bocker Bearings 

10. Skew Bridges >* ** ** 19/34 

11. 1-R.C. Standard Loadings .. .. 19/SS 

Beinforoed Cement Concrete Boad Slabs ,. 19/35 
Dead Weights of B.C. Bridges; Joints in 
R.G. SUbs 
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Data for K^CC^ Slabs for Road Bridgsa 
under Loadings for Vanons Span? 

12. Maaoniy Arch Bndm 19/3^ 

Soitabitity of Arches for BndgeSp Rise/Spaa 
Ratio ; ThiokiMBS of Ardi Bings ■ Abut- 
menta; Piers; 

Data for Maaoory Arches under I.R.C* 


Loadings for Varioos Spans 

13. Sabmeisible Bridges A Causeways «. 19/44 

Irish Bridges ; Sappers 

14. Snspenrion Bridgee ^ , 19/47 

15 . Girder Bridges ,, ,, 19/45 

Plate Giiwre 

16* Tamporary A Wooden Bndgee .. * * 19/49 

17, CiilTsrts *. ,, ,, 19/49 


Pomidations and PavamHuta; Bojc Colverta \ 
Bnnnaion Joints j Barth Ouahions i Pipe 
OuWerta ^ Gonorete Pipes Manii&otdre; 
Bending Momenta Ln Cironlar ColTert 
Binge; Type D^gna for pipe OalTerte; 
Maaonry Arch Culverts; C.GX Sheet Ctd- 
verts; Holes for Ck>nstrtLetian of Pipe Cul¬ 
verts under Deep Fills; Tjoads on Pipes 
onder Heavy Pillw 

l& Training W(»ks ^ J 9 / 0 | 

Wire Crates and Mattresses 


19, 

20 . 


21. 


Economic Span Lengths 
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Preparation of Pbo^ect EstlmateB for Bridges 19/63 
GbsMiy of Terms ,, _ 19/64 



{TJn tbmdarda friven an gvntraHy in ttccordana vi(& 
ncomiiieitdaivmM of Jflifiafi B^iads Conffrttt or eiher 
coffniz^ practices in jBnjiflnd owJ jlflKnoti.) 

1. approaches to BBmOES 

Hu Mpcuch an eithi&r aide of n bridge shoiilil haw 
a stnigbt lengtA of 50 ft- and for a colTbib 20 fb.| 

incx'e&sed where neoeeBary to providB for ^e mininitua 
Bight dutanee. (See tmder ''Roada” for mmlmnni Sght 
X)iBtaiice md Stopping Oistance.) The Imigth of the 
at.rftight Teach may be reduced to 30 ft. for badges m 
ficnlt country iakmg doe pTecautioiifl for '"apeed Iknit. 

If approach aJigmnent ia a curret a our™ nnder 4-d^^ u 
desirable, with d-deg. maat- 

horkonta) diatanoe of the bridge appntahh 
at road level on either sidn (measnred. fniD the face 0i 
abutment) should be 25 ft. (prefer 30 ft.) for artoriil and 
district roads,, which may be rtduwd to 15 ft. for vilbgs 
mads. Slopes of approach ahonld. be 1 in 30 mai. to lin 
10 absolute max. (Prefer 1 in 60 for ajterial and dirtriot 
roads and 1 in 30 for village rtwds.) Humps ahould be 

avoided. ^ i. j 

No borrow pita ahould bo made or spoil beapa depo¬ 
sited within 30 ft. of the toe of aji embankment or the edge 
of the outtiiig of a bridge approach. 

The top level of the approach rosda must be high 
enough not to be over-topped by floads. 


2. PARAPETS AND EAND-RATLS 
Parapets or hand-rails must bo protected by wheel'' 
fmazds or kerba. Hand-rails may bo of L-imna 5 ft. to 
S ft. apart with G.I. pipiog of diameter 11^' to r . A 
4"x3">!5/lfl" Ii-ifon will suit for 3 ft. high poet S ft. 
apart. A maeonxy parapet can be 134" thick* 

Railings may be made of the followup eeckon : 
Verticals t I^24'x21'xr@ 5-0 Iba., 5 ftapart^^ 
ved to 45 ft. radioa for the top 2.26 ft. 


where deared. 

Horkontal top : X 3' xj'® 4.30 lha*. with two flat 

irons ll'xl*'® 2.66 lbs. 

Roadway and footway railings or parapets nf h^ 
level bridges dudl have a minitnum hd^t of 3 ft.-3 ma. 
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Ism one lulf the horisontal width of the top rail, or the top 
of the parapet. 

The clear distance between the lower rail and the 
top of the kerb sh&L not exceed 6 inw nnlf^a the space is 
filfcd by rertical or inclined members. {This U for safety 
of the uaers.) 

For culnerta the parapets should hare a tninimom 
height aboTe the road eurfkce of one foot, and be fl ina. 
thick. 

Parapets or other fencings ahotdd be proTided on each 
approach of a bridge and on both edgea of sU banka over 
8 ft. high. Qvand’fmlt should be provided where embank¬ 
ment is 0 ft. high or more. Fenders oonslsttog of stout 
poets Or rails (or of stone or oement oonccete} well-em¬ 
bedded in ^e ground should be prOTided at both ends of 

about 15 incheB above ground. 

^ On h^ roads parapets may be mads of dry stone 
mortaij about 2 ft. high in small lengths, with 
gapa in between. 

Hai^-rails, parapets or posts shah be designed to 
horiBontal force and a vertical fores each 
Of 100 hnesJ foot applied simdltaneously at the 

top of tbs railing or parapst. 

3. KERBS OR WHEEL-GUARDS 

kerbs should have a solid ssotion not less 
tban 9 ina. wide at the bottom, and not than 9 Ina. 
hi^ almTO the adjacent road sur&oc of which the lower 
6 ina. of height should be vertical and the upper face edge 
rounded (sloped back}. Safety kerbs to be not lew than 
2 ft, wide, and are designed as foot-paths. 

4, FOOTWAYS OIT BRIDGES, k PEDESTRIAN 

bridges 

footways or foot-paths on bridgss 
is 4 a but ft- O-RU. recommend .'saj. live Io^ot 

^ S6 lbs, per sq. ft. up to 25 ft. span and 60 
hitensity of load redneing 
^ bridgw, pediUtrian bridgea 
a animalB. Some enginesn recomroHid 

abroad of 100 Iha,/sq, ft. for aU ped^triin and animal 
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5 WIDTH OF BO AD WAYS ON BRIDGES 
Provide i. width of 12 ft. (jwfeT 14 ft., wd 10 ft- 
late minimuml for « angle-laae ^ 

of herb to edge of kerb (cl«r «*^**/>V 
sdditioiul trafTic leiiB. inere** n»d width hy 10 ft. Width 
for footways and parapets will be e^rtra, t. oa ft 

Formation width for Tdllage road bndgea la 20 ftt 

and for arUrial and difitriet roada p ^ a-^ above 

Mmimam yertical 

crown of road nrface. IV-^" on edges for 

and for double-W bridges. aHowing spaoe for any 

and bracings on top^ 

6. WATERWAYS FOR BRIDGES 
It is not economical or advisable to roduw the "gtoe 
^th of a Btream (or raetrict the Tratez^y) when 

ingabridgeoraonlveTt. 

the velocity and hence scour, thus 

fenndat^and also training worka. 

chinre is computed for which the waterway “ 

Bignedv The linear waterway of the 

W^dle the whole discharge without detnmen^ afDui. 
Keep overall waterway equal to bed width plna full supply 

depththe disdiaigO 
■honld be taken at the atraara ate where it « 
bufld a bridge, one at selected 

another downstream. The crose-uections may be tafcen 


-— 1 

Cetobiaent 

upwrsAiii and 
dowikstmun cf the idle 

_ —---' 1 

(}£io w. mils or 

Fjtmi 1 to $ sq. mUe* .. e.. 
Owar $ iq. mile* v- w- 

SCO It. 

1 IDOOa 

1 f mtlft to 1 DUte 


For nou Tneanaonng ^ 

100 ft. in nllnvW bat »>n‘ "‘b 

for oD nitural ohanneh in beds vntb ngid merodj^ 

booXries the linear waterway s^ be ‘be 

tween tbs hanks at that water surfiwe elevation at wbiob 
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the desigpoed m&ximmn discharge determined can be 
passed without creating harmful afflux. (I.R.C. Code) 

For large natural streams in alluvial beds and having 
undefined banks, the linear waterwray should be determined 
from the designed discharge, using any rational formula 
or some other method as detailed in Sections 16 and 17. 


Waterway Areas Required for Catchment Areas 
Based on the Dun Drainage Table 


Area of waterway 
in aq. ft. 

In hills 

In plains 

120% 

100% 

80% 

50% 

120 

100 

80 

50 

180 

150 

120 

75 

240 

200 

150 

100 

300 

250 

200 

125 

350 

200 

240 

150 

410 

240 

270 

176 

455 

388 

310 

104 

500 

424 

330 

212 

545 

455 

254 

228 

511 

600 

407 

255 

657 

555 

445 

278 

721 

501 

481 

201 

760 

541 

513 

321 

815 

570 

543 

240 

888 

740 

502 

270 

065 

805 

544 

403 

1038 

855 

502 

423 

1104 

020 

735 

450 

1164 

070 

775 

484 

1205 

1080 

854 

540 

1415 

1180 

944 

500 

1528 

1272 

1018 

527 


Catch- 
meot 
area in 


1.0 

IJS 

s.o 

2.5 

2.0 

2.5 
4.0 

4.5 
5 

0 

7 

8 
0 

10 

12 

14 

15 
18 
20 
25 
20 
25 


Catch 
meat 
ini 


milea 


40 

50 

50 

70 

80 

00 

100 

120 

140 

150 

180 

200 

250 

200 

400 

500 

500 

700 

800 

000 


Area of watcrwaj 
inaq* ft. 


In hiUa 


120 % 


1020 
1812 
1080 
2135 
: 2280 
! 2418 
2544 
2778 
2000 
2108 
2384 
2554 
2070 
4228 
4008 
5522 
5025 
5504 
6060 
7205 
7555 


In plains 


100% 80% 


1260 

1510 

1650 

1780 

1000 

2016 

2120 

2215 

2500 

2555 

2820 

2070 

2208 

2515 

4155 

4510 

5020 

6420 

5800 

6080 

5280 


1080 

1208 

1320 

1424 

1520 

|1512 

1505 

jl852 

12000 

2132 

'2255 

,2275 

2546 

12802 

2222 

2588 

4024 

'4225 

|4640 

'4854 

15104 


50% 


575 

755 

825 

800 

050 

1008 

1050 

1158 

1250 

1232 

1410 

1485 

1554 

1808 

2082 

2205 

2515 

2710 

2000 

2020 

2100 


for pUin. **'; ““V 

di««t froM hilu. n«; 
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BBIDOBS AJfD CU1.VEBT8 

«1„» m»y reqmr. 

Md from loal expenenco rnth ei^|^ 
bridge*. Choice of oortect fector u very emen 

Drierminorio* o/ Efjutiv, Width o/ Unu,t Ifo<en»Sf • 
lAcey’s formula : 

^=2.«;v'Q (See under litigation ). 

Pw is wetted perimeter in •*** riT» in 

width of the watenniy m M the width 

regime conditions. This is ♦ <>67 is not 

of*SLncl at mki.d.pth. Jh. Z the 

constant but may 2.5 to 

local conditions. Q is discharge m . of water- 

Lacey’s formula gives the th^conitructioa 

way for undisturbed cross-section prw d©. 

of piers. The nett water-way may be detorminw y 

dnJiing t^ce 

under “Sto^ of Bain«^ 

fOT«n condition* and place* which are eo eanable. theie- 

be found.'mecc^on^t^^ 
«gn a brit^e for the abeolute manmom diecharge which 
may occur once after many years. 

Si^m” ors;^ bridge. Afnux !* al« 

SdeV the bridge. The irately bnd^ {b 

n^elem than the nMur^w.te^of rte«^«^rw^ 

guide bank* or training bank, are proyia~. 
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crvtE zNOtmcBs' hakdbooe 

^□nt of ttfnai win determiiie the top levels atid lenrtha 
ot the gnide banks and also the "free board”. 

the ftfHuac, the greater ia the velocity 
“ greater scaar entoilins a greater 
S diaeharge under 

Afflux r^y be token 2 ft., in aOuvial and deltaic re>- 
L ■ regions and higher in steep rtoches 

bonJders and rocky beds. 

® ^rOTuLw, of Mblaswiorth and Meninian K are aante- 
tots for deterroining the height of afflux, wMt^ 
give anpnOM^te fign™ and are not vety popnW. 
(oee tinftot Rise of tvater caused by freirs" ond ‘"'iHs- 
broad-crested weirs” in ‘"Hydraulics. ”J 

Is the diff^oe between the designed high flood level, 

” 1*^88 of high ien\ bridges, the deer. 

not be has t(i * iotrrfoi of the arch ehonld 

t^J^ one-teoth of the mai. depth of water pics 

aho^^t^Ji" mtrados Springing Une 

jcK'tg cTf.riysr- 1 - “ 

Dit. dwooa.Balow 10 ' — 

Vflf. cloMaai>fr_ a i,i_ 

7. 


to to 100 

t|ft 


100 


to 1000 : 

t ft. j 


IDOO to 10,000 

sa. 


TaiLKiR jfUUiJDATIONBt 
exceeds^ Telocity of the atrtjam 

hydraulic mean de^^^ tS 

banks and rl(>nAn..i ^ character of the bed and 

and banks can w mltwity to what its bed 

vfdUng vslo^Lld^Sl chan^ it. ««tion. The pre- 

or^ sTbsTa^^ll’^JSPP^!' ® """ ““r he &m 
^ follow. incrceaed*^Jfw*"tlf“ ^ 

^ pert, rf 
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bridoss and ctlvkbts 

and when the velocity is increiijd, silt la picked up. 

is worst when the river is falling. _ iw\«iihlo 

'Denth of eoour should be ascertained as far m possio 
Liepin oi Bwur aw bridge during or im- 

tion) at the bridge which will incrw i, 

h^ie the ecoT^Th. rSKrHl ^t e^^n £ 
not onifonn afl along the bed width, it la not ooero 

SS^t reache.; thJre i. 

or other obetru^oiu ^ 

fore, the mairimum econr depth ^ to bo gjlnvial 

Normal DWth of SeoD below H.F.L. m 
etreeauTre^^mUtio”' on a rtraight 
,*?(wh«»e^ridg.rtmcture doe. not 
^ on Ueoy*. theory ;-(8ee al*> und« Irrigation. ) 

I>-0.473(y)' 

Depth of Monr ondw abutmwit. i. ’jirL i, 

and«^ei»-JxD- Some enfjnoet. conadw tlmt th^ 

ulditio^ local »our due to the the pier and 

which may be taken equal to the width of the pier. 

When the water-way of a regime ch^el » 
by the oonrtruction of a bridge 

which ie kept le« than the ihan 

normal eoour depth under the bridge will l» 

the regime depth of the stream and can be found from the 

or D'-D\y 7 AKennedy’s SUt Theory) 

^****1)— the hydraulic mean depth in ft. 
anproximatelv the depth to which the erour wffl take jdace 

faV^normal 'channel (unobetructed). It is the depth of 
non-soouring flow below H.F.L. for regime co^tmns m 
a sUble channel. On an average the actual depth of scour 
at a pier is twice the normal depth of aoonr according to 
Lacey’s formula. (D is normal scour depth). 
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Q—total discharge in 
f=lAoey*B ailt factor for the bed materia], 

W^tbe regiMe width of the stream, 

^^obatrncted width of waterway ondejr the bridge 

(O' oUt™<rt!T 

la c^c^ting the vefooi^ thromrii the bridsa 10 ner 

of" he‘on ‘^e Wim^ 

DMits Thu hn*t ^ eiittent put the piere and abat- 

« “oatei fa>ni the 
of afflux, ***^ ** bigber at upstream by the amount 

of si^r' “ ‘be caloaUted depth 

om^ion^^^ “ ixs^ble oSn- 

The namal a porton of the waterway. 

*ouH be mulHpUed by tbe 
bi a^.S?^ *be max. sceSr dep4 ;- 

hrirt™ ^ »™1 '^ben the ^ 

bridge has no picng obstmctinir the flow 
at a moderate bend ., 
at a savers bend , ’ 

at^i b':S“ “ * 

at noses of piers 

at u^tiSMi nosea of guide banks .'; es.x, 

tion of the'\'^,^““"* and wbaie'the seC' 

are main currents whirtl^Voh^rin''?^''^ 

D-D(^y-" „ D.'=,D(^^y “ 

B" is the max. scour depth ° 

Depth to Sir Robert Gak* > 

and ‘he%&r£«”‘”'""* “““ 1«™' 


1.27 D 
L50D 

1.75 D 

2.00 D 
2.00 D 
2.00 D 

2.75 D 
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ftrtA cnlverte Are sometimes paved and bounded by doep 
oartain walk. For large spans it is generally chraper to 
carrv tbe foundations below the scour depth but for am^ 
spans pavement may be cheaper. (See under "Cniverta ). 

A cO’i’eTinc of dumped stones or concrete blocks, old 
flonry Btruoture or matted vegetation will prevent the bed 

^™A*uSfn] rough rule, applicable to torrenticil nida beds 
of boulder and ahiugle is. that tbe depth of soonr bdow bed 
level in straight runs, where no restrictions to waterway 
are caused by the atructnre, k equal to half the maiirnmn 
depth of water at high flood level, and on curvea it is 
equal to the maxiinimi high flood depth. This wiH be onfr 
third the maiimum depth of water in alluvial soiia m 
straight mns. 

Depth of Foundations 

The depth of foundAtiona is detennmed by considera¬ 
tion of the safe bearing capacity of the soil after taking 

into account the effect of pcoor. The foadations should be 

taken below the acour level and to the level at which 
there is little variation in the moisture content of the 
BUb'BOil. ... . j j 

In erodible strata if ‘D* is the anticipated max. depth 
of SCOUT below the designed highest flood level Including 
that on account of possible concentration of flow, the 
minimum depth of foundation bebw H.F.L. should be 
taken=L3a D (at the site). The mimmum depth of 
foundations below the scour line ehould not be less than 
6 ft. for piers and abutments with arches and 4 ft. for piers 
And abutments supporting other types of structure imlesa 
resting directly on rock where rock is met with at a lesser 
de^ For small bridges of moderate height on dr>^ land 
■nfficicntly Bolid, fl depth of 5 to 6 ft. below the bed level 
in non-erodiblft streams will be found sufficient. (Sec 
under *'Siie of Abutments .) . i l n 

Foundationa may be located at a comparatively idhailow 
depth below the surface of the bed if the bed material is 
trotccted againat scour by a bed pavement m oonjuction 
with curtain walk (aa explained under Culvert Founda¬ 
tion*) or sheet piling, etc. Toimdations which are not 
Eorpoeed to the erosive action of stream currenta may be 


10/12 INBIAS FBJlCTICAI. civil £37aiNE£as' handbook 


taken down to a depth oa & firm bed as calculated from 
the Rankme’H fonimla given in Seetkm 6 under *^Depth 
of FoundatiobB^\ Id calcnlating the preaeure at the 
baee of a Hubetructure, reduction on account of ekin friction 
on the aides of the Buhatructure shad normally be Ignored. 
The besiing capacity of a soil generally increases with 
depth £o that the aafe load on a deep fomK^tioa is generally 
greater than that on a shallow foundatioa. If t]» depth 
of a stratum suitable for foundationB is veiy great, or when 
a very large footing area is required in order to reduce the 
pressure to a proper amount, the use of piles is often in* 
dicated. 


As regarda the depth of well foundatlom, accordixig 
to Spring, a grip of 50 ft. is suKcieitt for a maximum 
scour of 70 to 140 ft. beloa' the highest flood level. Accor^ 
ding to I.R.C., a grip equal to one-third of the maximum 
Bcour is requi ed, while aceording to Galas a grip of 65 ft. 
should b« provided. 

Tha foSoAving safe loads on foundations are reooiii» 
mended by LH.O. :— 


Material 

Lbs. per aq. ft. 

Deep 

foundation 

Shallow 

foundation 

Confined quicksand 

Other flue saud 

Coarse sand and gravel 

Mixed sand and clay 

AJIuvinm and silt 

Hard Clay 

Hard pan 

Book 

7,000 

0,000 

11,000 

7,000 

5,000 

12,000 

18,000 

40.000 

6,000 

8,000 

5,000 

3,000 

0,0fr0 

14,000 

40.000 


^ ^ eromoie by the mar. velocity, the 

focn^tmnfl should be securely anchored about a foot Of 

mrt matarial, 


aa low aa for atieamfl or riven since flow in midi 

to exceed the nmnaJ soour depth wh«n thw^ia a bn«h 
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in the channel, foundationa should be carried beyond this 


scour. 

Well Foundations „ i- 

The common well foundations are thick hollow cyim- 
dere of maaonry which are placed on well curbe and sunk 
to the required depth, or are placed on hard beds. The 
hollow cylinders are plugged at the bottom with oem^t 
concrete to have a watertight foundations, the interw 
is filled a*ith sand or concrete and the top again sealed with 
a thick layer of concrete on which piers and abutments 

are built. , . j 

If a well is to be madO on a dry piece of ground, an 
open excavation a little larger (about 4 to 5 ft.) than the 
well is necessary. Excavation is done up to the sub-sou 
water level before a curb is placed. In shidlow waters 
the area is surrounded by an ordinary earthen ooffcr-dam 
and water pumped out of the enclosure. (Pumping water 
out of foundations has been described in the Section on 
“Design of Foundations".) Bore holes are sunk to de¬ 
termine the nature of the sub-soil strata before well sinkiy . 

Well Curbs and Stesning have been described under 


*^Vater Supply". ^ a. 

The usual shape adopted for small weUa up to 20 ti. 
diameter is a single circular or octsTOnal and for large w^ 
a combination of two or more cylinders can be made. 
Twin octagon seems to have given the mort satisfac^oi^ 
They are connected at the top by a cap to give the required 

base area. , . , . 

Load taken by well foundations depnds upon Uie 

skin friction which can be roughly calculated from : 

Cx height of well sunk x outside dreumferenoe of 


the well massonry. . ,, j j 

C is a co-efficient varying from 6 to 15 for eand and 

clav and 2 to 8 for mud and silt. 

’ Much reliance cannot always be placed on skm friction 
for the reasons that: It is not possible to measure a(^. 
rately depth which can contribute towards skm friction. 
The co-eUident of friction may be very snbetanti^y re- 
duced by the vibrations of the super-structure in fk^. 

The thickness of the masonry shell or stee^g is ado^ 
11 ft. to 3 ft. according to the diameter of the weU, anti- 
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eipated skin fnctkm and the span and bad. Where high 
skb friotbn is anticipated and also for large wells, thicker 
steening is used up to one-quarter of the external diameter 
of the well. The shaft of a well is from 6 to 8 ft. diameter 
(prefer 8 ft. or more) to give room for opsrating the exca* 
rating gear. When the well has been sunk fuUj, the bottom 
of the well is plugged with 3 to 4 ft. of cement concrete 
under water and when the concrete has set the water is 
pumped out and the well shaft filled with sand within 
about 3 ft. from top. The top portion is again filled with 
cement concrete and R. C. C. capping built to form a plat* 
form for the nier. 

Where wells are less than 15 ft. apart, alternate curbs 
should only be pitched, and their walls built and fully sunk 
before the intermediate wells are begun. No well should be 
plugged until thoee immediately adjacent are fully down. 
Before {fugging, all loose sand or mud which may have 
entered sinoe undersinking was stopped, should be dredged 
out, and the deepest wells should be plugged first. 

In excavating, the depth of excavation below the 
cutting edge of the well curb should never exceed 4 ft. 
in a sandy bed or a *‘bbw” is certain to take place tend* 
to throw the well out of plumb. When a well sticks 
in sinking owing to increasing hardnees of or friction with 
the river bed material, a «maH charge of dynamite (2 ozs. 
or less), placed in the centre should usually suffice to get 
the well on the move again. 

A Coffer-dam is a temporary enclosure built to ex* 
dude water from the working area and to permit free access 
to the area within, during the oonstructbn of a founds* 
tion or other structure that must be undertaken below 
crater leveL Coffer-dams are usually of earth, 

timber or sheet piling. It is a sort of “bund". 

The coffer-dam has a diameter of at least 10 ft. more 
than t^ outside diameter of the well to be sunk. It may 
be built of sand, clay and boulders mixed together. A 
S*^^*?^* gravels in equal proportions known as 

p^dle IS qmte suitable. The finished bund should be 
2 ft. a^ve water level with 3 to 5 ft. width at the top 
for sm^ raclMures and shallow waters say op to 8 ft. deep, 
and 8 to 10 ft. above water level and 25 to 30 ft. width at 
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top for big duDit uid deep vi&terv, with the material os- 
anming its natnrol slopes on both sides. These bmtde 
require protection on the outer rideSj especially the toeSp 
ogain^ being 'traahed awaj and the same can be pforided 
by stonea, rabble or sand bags. Sucb encloaores can also 
be made by first pladng tbe sand bags and fUBiig inaifde 
mth clay or esnd. The over-all atability of a eoner-dam 
should mnestigated ss a dam or as an earth retaining 
Htmctvire. 

Such type of earthen cofier-dams^ wiD suit situations, 
where either the water ia standing or has a velocity of leas 
than 2 ft^ per sec. and depth not eitceeding S to IQ ft^ A 
sheet coffer-dam is genernJly adopted if the depth of the 
water is more th on 10 ft- A single row of plaoka or sheets is 
driven vertically and earth dumped on both »dea of it. 
A Ebeet pile will also be necessary on porous soils to stop 
infiltration of water^ The si^ of wo^en sheet piles can 
be Q'x3'- Sheet pile walls of moderate height may be 
designed os vertical cantileveia embedded in the ground. 
Tf the face to be retained is more than IQ high, the piles 
may be tied bock to ancboioge- The piles ^ve to ba 
driven to suificient depth to stop mfiltration of water 
and to be onoridered as ^^fixed” for bending moment cal¬ 
culations and well below the level to which excavation 
will be carried out- {See also under '^^Pileii and File Driving 
in Section 6-) 

In deep waters and where the velodty ia high, a double 
row of Bheet piles is driven and the space fiEed in with 
puddle. This space between the rows of piles la generally 
kept about 5 to 8 ft. The piles are closely fitted with longi¬ 
tudinal interlocking joints, or with guide piles, and eecurdy 
strutted. For such type of works, steel sheet piling should 
be preferred. 

In the cose of timber piles the aUowahle unit stress 
(bending} on wet planks can be taken at @00 Ibe. per gq. 
in. Height of water should be token for the pressure on 
one aide. Section modulus per A. width is 2d^j where d 
is the thicknesB is indiefl^ the max : B,M> can reodily be 
found. Timber sheet piles should be provided with cast 
iron shoes. 
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If the ujidergromid water happeioa to issue a& a spring 
at any spot^ it ia localized by coToring it with a vertical 
pipe or a cylinder and ^ hen the foundation work is oomploft^ 
edj the pipe is plugged by cement grout and inf iui stopped 
permanently* A good method for dewatering the seepage 
water of the area in eaudy soib or where the water-table 
level is high, is by driving 0,L tubes oLabout 2* dia. to 
a depth of about 10 to 12 ft. The bottom 3 to 4 ft. of the 
tubes ci perforated to admit water ioride. Water is pumped 
out by suction from these tubes and collected in a oommon 
sump or pi[>c wherefrom it is pumped out. A rapid influx 
of water into the foundatioa trench which brings sand and 
silt with it is dangerous. Such sites should be surrounded 
by sbfiet piles driven down to firm strata. If the depth 
of the wnteris great and water leakage cannot be stopped 
by sheet piles, a caiason foundation will have to be adopted. 

A Caisson is a water-tight hose like structuro or a 
chamber, made of wood, steel or concrete, usually sunk 
by cjccavating within it, for the purpose of gaming access 
to the bed of a stream and placing the fouodatioii at a 
prescribed depth and which subsequently forms part of the 
foundation itself. Caissona are adopted when the depth 
of water ia great and the foundations are to be laid under 
^ater. Caisf^ona arc generally built on the shore and 
launched into the river floated to the site and sunk at the 
proper poeition. There are three types of caissons. 

Open Caieeons : Top is open and sides are detachable 
from the bottom. The masonry is built on the platform 
and the caisson sinks gradually, the sides are detached 
when the maaomy with the bottom rests on the prepared 
foundation. The bottom is generally made of R. C. C. 
The caisson has sharp edges at the bottom and when the 
masonry is raised over it, it gradually sinks due to its weight. 
Cylinder caissons with dredging wells are adopted for 
average depths with large areas. 

Box CaUaoRB ; They are closed at the bottom and 
open at the top. Big boxes of iron or R.C,C* are built on 
the ahore, launched and floated to the site where they are 
sunk by filling with stone or concrete and top finkbed 
with m concrete cap. Box caissons are for small depths. 
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are sunk on prepared foundation. This foimdatioEi 
may consist of pUea or it may simply have been formed by 
lerelliiig an area of the bottom. 

PfirufRoHc t?auwna ; Are closed at the top and open 
at the bottom. They are used where the depth is great and 
it is not easy to pump out the water. Compressed air is 
used to exclude the water and the proeess is more complL 
cated than with the ether two types of caissons. Ft has a 
working chamber in which the air ia maintained abow 
atmospheric pressure to preheat the entry of water Into 
the excavation- 

steel Cylinders are usually made in lengths of from 
3 to 10 ft. without verticsl joints and of 4 to 10 ft. diameter^ 
with plates to I ^ thickness with 1 ^' to 2 ' intemal flangesL 
The first aection is provided with a cutting edge. Water 
is pumped out to assist its movement. The centra] core 
is excavated and filled with concrete or masonry. The 
thickness in inches^ to withstand the pressure of the water, 
of BmoJ] thjn cyUnders may be found approximately from 
the formula t t=d!A/IOOOp where d=dia. in ft., h=rdepth 
of water in ft. This will stand 4 stress of 12000 im 

The thickness fihouid not be less than Steel catssona 
or tylindeTB should be braced internally to prevent collaps¬ 
ing w'hile ranking. Cylinder piers are nsed £:>r river beds 
requiring well foundations. 

S, DESIGN OF ABUTMENTS AND WING WALLS 
fDeragn of Abutments and Wing Walls has been doe- 
cribed in detail in Section 7—“Maaonry StnietureB'^, and 
Abutments for Arches under ^ bridge Arches^* in tbif 
Section.} 

Abutments 

Hjc foTces acting on an abutment are the weight of 
the end of the bridge span with any load that if may cany^ 
the traction force of the train or trucks, the preesure from 
the earth fill and the sureharge due to live loi^, the we^t 
of the abutment, centrifugal and wind forcea acting oci 
the bridge span and transmitted to the abutment and tli« 
reaction of the foundations. An abutment must be itaUa 
agftinat sliding and overturning and a^inet failure within 
the atructure itself. It must he stable with and without 
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th« bridge in plftoe. Abatmente ebcmld be designed to 
resist e&tnrated earth pieesure. 

Where rock is met ’with at a higher leirel than the nor¬ 
mal recommended depths the abutment Bhoold heeled 
in the rock for a depth of 8 to S inches snd if the rock 
is sloping the masonry should be anchored to be bed rock 
by means of dowel bars for about one footn. 


ma uan? mmupis 



The length of abntments at the top shall normally be 
equal to the forznation width. 

It ts not enstomary to conedder an Impact effect from 
DaoTing loads sanee vibration is snpposed to be entirely 
disBpated thtougb the embankment. In computing 
the pr^Hurc on an abutmentj equivalent lii?e load sur- 
chsiB® ^ adJiLion to the nsoal earth pressing is to be oon- 
ddered. If ^framed approaches are provided for lO ft. 
lengths on sther side of a bridge no bve load surcharged 
be oonsideted (see page 19/20}. The effect of the 
live load is reduced ’with the hei^t of the abutment and 
the earth cushion over it. It is recoEnmended in the 
Itadway Code that dispersion of the surcharge load below 
t^ foiination level or toad surface mav be taken at a slope 
hon^al to Z vertical (See also Section 7.) The 
following ngnres show the amount of earth cuahion tf gifflo 
over a eaJveit^ no bve load surcharge need be considered. 
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Height of ^ Eerth 

ftbutmcrit 'CiuhiDn By ^height of earth cnahion'^ l 1 meant tlK 
— — - : — - height ^tTeen the top of abutment and 


B ft. 

4 ft. 

the coad level. 

10 ft. 

4 ft. 

(TSTkii pmsi^ is cEnniidftred for d^ 

eign the pTessure due to tbswei^t af 
the ^'eiirtn cuiihicm'^ mentiopped ftbow 
will be taken ai level furcbarge a# sx- 

ft. 

3} ft. 

20 ft . 

S ft. 

ptained under “Retamin^ WaUa") 


Calverts under high overfilla ahould be either of the 
reinforced concrete boi type or the arah type^ Abutment 
Bection of email heights suitable for roadwoy embankmeuta 
will be heavy. 

No fiBlng should be placed behind the abutmenti 
during construction onlesa these are temporarily stnitt^ 
apart or alternatively, until the deck is constructed and is 
capable of taking the load. 

In rammuig the ^'bacldiig" of the abutmenta of bridges, 
it must he done in layers of not more than t ft. in depth 
and each layer to have a slope of 45 deg, towards the ground 
level, the slope to eommenoe from immediately behuui the 
abutment, A fair amount of water must be used whQiit 
racomingb ' Only sound material such as sand and sandy 
earth should be used and under no cLrcumstancea black 
sod Is to be used for back filling. Behind sbutinents and 
wing walb full compaction must be done. 

In filling in the approaches of a bridge, or the spandrels 
between Email arches, the earth should be raised simul* 
tancously with the wing wads in the former case and with 
the face* wall in the latter, in order that the fiUlng may ^ 
well trodden down under the feet of the labourera, and in 
fining in foundations and backing to revetments the earths 
work should siuiilarly be brought up level as the masonry 
proceeds. 

Weep'holes or drain pipee should be provided io aH 
wing walla at a ft. centrefi (see SaotiDn 7), B-in. dia. drain 
pipetf placed B ins, above normal water level ape noomm* 
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ended to be placed in all abtitments with porotta back'fillL 

Six* cl AtulmcDts 

The top width of abutments may be taken 2 ft.-O ins. 
for epana up to 10 ft. and 2 fl.^O ins. for spans above 10 ft. 
for road slabs. This provides 1 ft,-6 ina, width for tbe 
b&ckfO] wall and 1 ft. or 1 ft,-3 ins. for the slab eeatiBg 
aceordidg to the span. Width of abutments at ground 
level may be taken according to tbe following table 


Height of abutment from ground level to top of bed atone 



\ r 8' 

r 1 

10' f 12' 

Width of abutment for 2 tons/aq. ft. max. 

pressure on soil 

5'—r 

S' 

1 ^'—n* \ 

S'—itr 1 U'—O' 

Width of abutment for 4 tons/aq. ft. mai. pressnno on floil 


V—9* 

1 5^-1' j 5^-4' 

S'—S' 

I 7'— 3' 


The flbore dimensions are for spans up to 10 ft., for 
spans above 10 ft., increase width by 3 ins. The front 
of the abutmenta may be made vertical or with a batter of 
1:12. The bottom T^th will be 4 11,^0 ina, more which 
provides for a projection of 9 ma, for concrete all round, 
Mijiimum depth b^w ground level in oidinajry Bods should 
be 0 ft. {4 ft.-6 ins, for maaoniy and 1 ft.^O ins. for tbe con¬ 
crete) , This is fotl.R.C. heavy loadings where no '^approach 
slab " is to be provided^ surcharge due to live load is baaed 
on the Brid^ Code. 

It is generahy safe to increase the permissible bearing 
pressure at the rate of 1 ewt. per sq. ft, for each additionai 
foot of depth below' four feet, [See al^ under ^'^Beptb 
of foundations".) 

Headway Approach Slabs 

If a TOucrete slab is provided as an approach on either 
aide, no bye load surcharge for abutments need bo consi^ 
dered. Thh^ slab is oonaidered to distribu le the Uvo load over 
a wider area and deemease the ioad effect. The earth under 
the slabs must be web rammed before slaba are laid , ’V^Tien 
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tKft ovexBfi ppaa of the bridge is equal to or less than 3 ft 
provide 9' thick metalling in a length of 6 ft. nor^l to 
the abutment instead of R.G.C. approach slab. If tM 
oinbankmeDt is over 10 ft. high, ro^way approaoh hIsm 
shnald invariably be used or width of abutment increased 
as tabulated above. 

The approach slabs may be 10 ft- wide, 12 ms. thick, 
reinforced with main bars J' dia. at 4f' c/c, distribution 
bare I' dia. at 11' c/e, for arterial roads. For light 1^ 
village roads, the slabe may be 5 wide, 8 ms, thick, 
reinforced with J'' dia. main bars at 8' o/e. Every fourth 
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main bar to be bent up. Main bars are parallel to the 
road loigth. 

Tbe illustration shows size of abutment where an 
approach slab bas been provided. 

Wine Walls 

A* wing wraU is a splayed extension of an abutment 
of a bridge or a culvert and its function is to retain the side 
slope of the embankment, and to guide the water through 
the opening where required. The top of the wing wi^ 
should extend level past the shoulder of the embankment 
and then it should slope downward at natunJ angle of 
repose of the earth in the embankment to a height of from 
2 ft. to 4 ft. above the ground*level or above water level 
to prevent water ontflarilring the culvert, where necessary. 
For embankments having a height less than 8 ft. the height 
of the low end of the wing ^ould be made equal to half the 
height of embankment, ano usually not leas than 2 ft. If 
the soil in the backfill is poor the wings should be exten¬ 
ded to grouiKi level. The lengths of all wing walls or ret- 
nm walls should be such as to pmvent the earth from falling 
into the water-way. The cross-section is designed essen¬ 
tially as a ret ainin g wall which should be for a saturated 
baok-fHI and follows similar lirw to those of abutments, 
the chief difference being the absence of the heavy vertical 
load due to the bridge deck. This is an important 
difference in that there is likely to be a certain amount 
of unequal settlement between abutment and wing walls, 
so that in all but very small brid* 
gee there should be a free joint 
(a small gap) betwem the abut¬ 
ment and the wing waO right from 
the bottom of the foundations to 
the bottom of the parapets. Such 
a joint is also essential where the 
two structures are founded on 
different ' levels or on soils of 
different bearing capacity. The 
joint should be tilled with bitumen 
and sand and should also, preferebly, 
be i^vided with water stops as 
these joints are likely to opmi. 
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front Stmlfht 
•r Bnttor It If 


Wing walls 
v2£SL!AiL 


may 


Wing walls for culverts, say up to 10 ft. *P^ 
generally have vertical faces with 
batter at the back of 1:4 and 9 
min: broad at the top on the 
*for cwiMrto square. In the case of bridges, say 
15 to 30 ft. span, the walls have a 
face batter of 1:12, a back batter 
of 1:6 built in steps and a top 
breiuith of 18' (13|' min:). 

Where the height of the, wing 
wall is reduced towards iU 
outer edge, the thickness is 
also reduc^ accordingly, 
be made at an angle with 
the abutment, called vpiay of 
the wings, generally 30“ (min.) 
or 45®; (45® is most common), 

or at right angles with the abut* 
mfent called return walls, making 
a U-shape. The angle is selerted 
to meet the peculiar conditions 
of the site. A^le wings ^ made 
where waterway is restrictedU-to 
prevent scour, the larger angle 
corresponding to the wider spread 
' of the stream in high water and 
the smaller to a more confined 
channel. Splayed wings are 
sometimes made curved where the 
thickness can be slightly reduced 
due to the arch action. Wings are 
generally terminated with right 
angle returns. Wing walls should 
be locat^ so that their front faces are flush ^^th* the ed^ 
of the bridge opening. The return wing walls fU-abutMt) 
are economics where the banks of the nver 
are steep 
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»nd of hMd ooU not rabject to eroaon and 
where the waterway ie pretty wide and there » no neeee- 
dty of imiding the current. Thia type B.not safe for a 
riYir mbi^ heaey fVooda aa there ia a for 

flood wat« to damage the embankment. Where the aoD 
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is neither hard nor soft, the wing walli! are cut short and 
returns are carried panUlel to the embankment. The wing 
walls are stopped at the toe of the embankment but re¬ 
turn walls are taken sufficiently inside so that the earth 
slope along them terminates outside the waterway. The 
return wings confine the formation of the approaches and 
add to their strength. 

Wing walls should always be founded on natural 
g^und and they should not be made longer than is ne¬ 
cessary, to ^ow the earth of the approach filling to be 
trimmed to its natural slope. Where streams are bridged, 
the wing walls should be of such length and so pla^ as 
to ^re that water cannot get behind them, more espe- 
oaUy at flood times, and foundations should always 
^ carried down far enough to avoid scour. The minimum 
depth recommended for bridges should be followed. Where 
long wing walls are to be constructed it will be necessary to 
^vide joints at not more than 30 ft. apart A simple 
ke^ joint extending through the full thickness of tS 
wan 18 all that is necessary. 

It has been reported that wing walls flared at 30 deg. 
used inth pipe culverts increase the capacity of the culvert 
over tlmt ob^ned uith straight end walls, and especiaDv 
so when set flush with the end of the pipe. 

Wing vrells at 46 deg. to the direction of the slope of a 
surcha^e fill can be designed as for a level fill without 
appreciable error. 

9. design of piers 

The function of a bridge pier b to support the inter- 

mmimarol»tn.ction 

Shape of Pier 

Cut tcaUr : The upstream nose of a bridge pier shaped 

^^®**®* sniTOth flow of water past it. ^t-wat^ 
^ti^ ^^^‘^‘‘“P^^^i^-roundorsemi- 

V. downstream nose of a bridge pier 

»»«ging of the waterXwing 

fo™ I 
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Although the force of the current is reduced with 
certain sha^ they are not all economical. 
shape down in ihe’figure at page 19/21 is 
the^unimum resistance to the stream ^ 

economy of material and aimpUcity m cons^rtion. me 
cut-water shape should be carried down to the base. 

Extract from Jan. of “Amencan Soc. of Cml 

Engineers,” Vol. 82, p. 334 : i. w 

“Beat practical form of nose is either the 
or the aemi^Uiptical. these being 

noee. Back water may be appr^bly reduced by 

an efficient tail. Beet practical form of tail is 
round or pointed. A 90-deg. noee is not • 

best angle for a pointed noee is 46-deg. or lew. For 
of aame^deaign upstream and downstream, the half-round 

shape giyee least backwater.” i. 

E^rimente carried out at Poona Hydrauhe ^arch 
Station Aow that there is very little difference 
a highly tapering ease-water and an equilateral one bound^ 

vith cicular ana. Therefore, the downstream noees could 

be equilateral. PiUars on dry lands may be rectangular. 
To/widths of piers for I.R.C. standard heavy loadings, 

A . xt._al-AM m *_ 


Span in ft. 


1 ICK and under 

irto 16' 

16' to20' 

20' to 32.5' 

•j 1.9 ft. 

2.3 fi. 

2.7 fl. 

1 3.1 ft. 


MinimiiTn lop wiaina iw ouupijr 

should be such as to accommodate the bridge scat with 
a dearanoe of about 6 ins. between the bays (two bear¬ 
ings). See also under “Bearings”. Length of a pic** “ 
usuaUy made to extend 1^ times the top width beyond the 
centre-line of the outer trussee or girders; the dept^ of 
ease-water and cut-water are not counted in the length. 

Piers are generally given a batter of 1 in 30 for brick 
in cement mortar 1 ;4, and 1 in 24 for brick in^ good lime 
mortar. Max. batter given is 1 in 12, leas for Wgher pere. 
Short piers may have vertical sides. The width of the 
piers at foundation level is not lees than Jrd of 
total hei^t. Full sire of the pier foundations should be 
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cbeclied witii the be&Hn^ capacity of the bo3. 

Compjtesflive Streae MurtioQ Factory fop Slenderness 
Ratio : — 


1/d 

Foe ter 

1/d 

Factor 

4 

o.ss 

U 

0.40 1 

e 

O.S0 

IS 

9.S6 

s 

o.to 

in 

0.30 

10 

0.60 

Si 


IS 

0.50 

24 

0.20 


(Extracts from B.S. Code of Plrae- 
tioo C P. nt- 1048) 

Slendtmeas ratlo^f/d^ 

t ia effective height, d is least 
lateral dimenijon, which may be 
t-aben at the top of the fonndiation 
if the pier i>? uniformly battered. 
liMiALijijea of stability described Ln Soction 
7 flhoold invariably be followed. 

The fuRo^on of a pier cap is to distribute 
the load from the bearing evenly over the area of the ton 
of the pier. Pier caps generally are of hard stone» plain 
or reinforced wncrete, R.a caps should be remforeed 
m two perpendicular directions, with shear reinforoemeota. 
Caps should be designed to spread the load from the bear- 
ujgK at an angle of 45 deg. until the compressive streaa on 
horiMnUl p^ea is within that allowed in the pier shaft. 

To lighten foundation loads piers may bo made 
holiow. In navigated waters and also in streams likely 
o riDg down Is^e pieces of debris in flood time, protective 
rendering may be needed, and in aoms cases it maybe 
justifiable to enclose the whole pier in a protective shell 
of maeoniy or coocrete, lo the latter caae, the load bear¬ 
ing part of the pier may be deaignod as thin as ia practic¬ 
able on structural grotmda, the piotecUve shell providmfl 
such an appearance of maaa in the pier as may be deSrS 
for aesthetic reasons. ^ 

liorl2ontal forces acting on a 

onage pier are :—- 

.11 A adjacent bridge spans including 

Eccentrichv of either one or both spans. 

f loading most not he overlooked where 

^ m 5^na differ widely in length. 

The weight of the pier itsfelf ? the foondstion 
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(c) Beatctibas of tbe foimdatkni: The pier ahotild be 
stable agamst:— 

SlxutLg downstream; sliding parallel to the axis of the 
bridge; overturning about the downstream toe; over- 
turuing in the direction of the axia of the bridge. Xho 
fn*TiTn»m unit pressure at the downatreain tow and at 
the aide ahould not exceed the allowable masonry and 
foundation pnessurei {See also under "Skew Bridges"). 

Id) ^Miere water can enter under a pier or abutment, 
an additional force, viz., the buoyaiit ford or vplijl of in¬ 
trusive water should! be considered, espemallj those of 
submersible bndges, assuming that the fill behind the 
abutment has been removed by scour, Ko haoyanoy is 
to be considered where bridge is founded ou an imper¬ 
meable atrata w^hile full bmoynancy should be allowed for 
bridges founded on coarse sand or shingle, For other 
conditions a fraction of the full buoyancy may be taken. 
To allow for full buoyancy a reduction is made in the 
gross wei^t of the pier or abutment affected equal to the 
weight of a volume of water of the submerged portion, 
{e) Impact due to Uve Load 

Impact effect is produced by sudden application of 
load, blows or shocks due to unevenness of the road sur¬ 
face or obstacles, causing momentary imrreasa in the atreaaea. 
It IB greater on a short span than on a long span and with¬ 
in certain limits increases with the speed of the vehicle. 

Impact factor fraction for I.E.C. Class A and Class B 
loadings for spans 10 to ISO ft. i— 

for concrete bridges 

for steel bridges 

Where L is the length of the span in ft. This gives 
percentage of the live load which should be added to the 
ave load. The majdmntn impact is limited to 50 per cent 
and which may be taken for spans les than 10. ft. 

For I.R.C, Class AA loading, impact may be taken 
25 per cent for spans up to 40 ft. in the case of H-C. bridges 
and up to 75 ft- in the case of steel bridges, beyond which in 
acoordanoe with the above equatiana. This does not apply 
to nupenaian bridges and footpaths. 
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Impact effect is reduoed on Hpandiel filled arches and 
BoHd flwTc of oooHiderable depth. If there a ah earth 
cnahlon over the culvert slab or arch dove's, the impact 
effect ia oorasidera,bly reduced and Till be about half of the 
above amount with 1 ft. of earth and is practicaUj ni) 
with about 2 ft. of earth filling. Therefore, for the deaiga 
of cul verts uodex heavy fille, * impact factor need not be 
considered, but wei^t of the earth fill vnU be added to the 
dead load. Impact effect on a railway bridge is much 
more than on a road bridge 

(/} Traction Forces producing longitudinal thrust 
due to breaking and acoeleration act parallel to the centre 
line of the bridge and tend to overturn the pier and abut- 
mentii in the plane of the force. It la about 20 per cent of 
the total live load on the span. Thia in allowed for in 
design according to the following equations, on any span 
of a bridge whether skkgle-lane or muld-Iane :— 

For LR.C. Claas A A loadmg=14 tens 
For l.R.C. Claes A loadiag=54^0.12 L in tons, where 
L is the span in ft. under ooniuderatlon. 

For I.E.C, CHasa B loading ^60% of Clasa AA loading. 
All the longitudinal forces (consisting of tractioii 
forces and reeistaDce offered by the bearings to movc^ 
ments due to temperature changes) are generally taken 
equal to 0.02 for roller bearings and 0.25 for sliding bear¬ 
ings, of the total dead load and live load reactions on the 
bearings. Full force ia taken to act on a fixed bearing. 
The longitudinal fwce is assumed to act 4 ft. above the 
clown of the rnsd. No increase in Impact effect is 
made on the stresses due to longitudinal forces. The 
lateral bending and shear effects of the longitudinal foroea 
should be taken into consideration in designing ctobs girders 
and floor beams. 

(£^) CeDtiUugal Force 

C^trifugal force is produced where a bridge is situated 
on a curve 



where; 

C=boTiz:oTital load due to centrifugal force in tana 
per r. ft. of the span under coumderation ; W=totsl livo 
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load in tons per r. ft. on that span with all traffic lanes 
loaded ; V=max: design speed of the vehicles osing the 
bridge, in miles per hour ; R=radina of curvature in feet. 

The centrifugal force is considered to act at a height 
of 4 ft. above the level of the carriage-way. No increase 
for impact is made on the stresses due to centrifugal action. 
The overturning effect of the resultant forces due to centri¬ 
fugal movement is considered for the design of all piers 
and abutments. Bridges should not be made on curves 
unless absolutely unavoidable. 

(h) Wind Load acting on the structure as seen in 
elevation, and on the moving load; uplift due to wind. 
See under “Wind Pressure” in Section 11. Wind has 
an overturning effect and is considered an horizontal force 
to act in any horizontal direction. 

(•) Temperature Effects — Forces resulting from the 
expansion and contraction of the superstructure doe to 
temperature changes : See Section 5. 

The stress or reaction produced in a member (or the 
support) restrained from expansion or contraction is equal 
to the stress in the restrained member x its cross-sectional 
area. The following range of temperature are generally 
assumed in design :— 

Steel Structures: 

Moderate climates—from 0-deg. F. to- 120 deg. F. 

Extreme climates—from minus 30-deg. F. to 120-deg.F. 
Concrete Structures : 

Moderate climates—30-deg. F. rise and 30-deg. F. fall. 

Extreme climates—45-deg. F. rise and 45-deg. F. faD. 

Provision should be made for expansion of 1 inch per 
100 ft. length of exposed structures. 

ij) Horizontal forces due to w'ater currents on any 
part of the road bridge which may be submerged in running 
water (generally taken for depths of water 20 ft. or more). 
This can be determined from the foUowing formula :— 

P=KAV* (on piers parallel to the direction of 
water current) 

where : 

P= total pressure in lbs. due to water current, 

K=co-efficient according to the shape of nose of the 
per :— 
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A=^area in eq* ft- of the vertical projectiona of the 
exposed part (pier £a4»), 

V=VBlocity of ctirrent jii ft, per see* 

1,60 for square ended piers and for the superstructure, 

0 , 6|6 for circular piers or with aemi-circular enda, 

0.70 for piers with ttiangnlar cut ends, with angle 
betweeu the faces of 60°, 

0.00 ditto, with 90°, t_ - v 

0.60 for piers 6 to 6 times longer than their breadth 
with triangular cut and ease waters subtending 
an angle of 30^ and less, 

0,43 for plera with cut and ease waters of equilateral 
of circle, 

0.47 for piers with arcs of cut waters intersecting at an 
angle of 90°, 

Trestle columns are treated aa solid with value of K 
as 1.26, 

Where the pier is at an angle to the current, the velo* 
dty should be resolved into two oomponeuta, one parallel 
and the other normal to the pier. A force of 20 per cent 
of the pressure of water parallel to the pier should be taken 
as acting at right angles to the eurreut and normal to the 
pier. As the velocity of the stream is maximum near the 
surface and much less near the bottom, the point of applies' 
tion of the total pressure (centre of presaorej is taken at 
I of the dwtance measured from the top between the upper 
and thelowor wetted limits of the surface under consideration. 

Some engineers take: 

(i) Horizontal pressure due to static head : 

X area of pier face (or 2 x area of cut-water face), 

W is weight of water per e, ft. and h is depth of water 
(height of pier) plus afflux plus head due to velocity of 
approach. In case of submersible bridges, additiouai 
pressure =WH will be token (horizontal pressure over* 
taming the bridge). 

H=afflux-f depth of mad slab, 

(ii) Pressure due to impact of water and debris : 
WV^/ a 
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wbeati: 

ai=:&rea of obBtractJoct^ 

Amrirta of flow iijst upBtiwm of nt*, 
g=:&o»leratkHi doe to griiTity=*33^2 
{Ui] FJrwtm duo to eddksr 

W—2g 

Vj='pelocity thfoo^ tho opening, 

■V=Teiocity of *ppiQ«ch, «.* velocity of thft strwm. 
The ovortuTTiIng hofizoatal forcee mentioned Above 
n pgd not be oftlculft^d except in the owe of hi^ bndgee, 
■abmerdble bridgea or vbere the velocity of the idzwn it 
very hi^ 

abonld be looeted Approximately pAmOe] to 
tlw direction of the otnrent eo aa not to cause a shift in 
the fiver channel, enMdon of the foondataon bed or nn- 
iMM<niii j obetmctioa to the flow of the Btream reenltiog 
in incnAfled backwater npetzeam in times of flood. A 
skew span ahoold be Avoided m far as possible, 

PermitnbU Working StresKM shonla not be exceeded 
for Any eambinataODS of above stated stresses that can 
oo-cdist except when temperatiire stress^ an added when 
the permiasible streets mAj be increaBed bj 15 per oent^ 
TtwUfl Bent Plett : (ll» term "bent” is ns^ for a 
framed pier oomnstlng of a group of two or more verticA] 
pQfis or poeta braced hortacmtally and diagonally which 
Bopport a deck, of a brid^ or false work.) Trestle benta 
ma y bc built of either B-C- steel or wooden poetiL Sodi 
^pe of pierv are somethnes need in viaducts (oner a dry 
^^) for eooaomy and eaae of oonatmctian. They are 
otherwise suitable only where the channbl bed is jEarrlyfirm 
ax^ not suited to rapid strsajus on atony beds, iWstlea 
have the disadTantag^ of inducing scout which can be 
reduced by providing pitching In the bed. They are lees 
■table than solid piers. High trcatJo bents are incUncd 
(footinga are ^nead out) about i:S to give additional stabi¬ 
lity, ^^ley are very suitable for low croesIngB of narrow 
paths. See under 'Teinpnruy and Wooden Bridges", 
TOa-BeiDt Flon t An now onmznonly used for ware 
and Bbntmenta, FUee of E,C., steel or wood an need to 
Support tise mian g^rdsTB^ wiufh Are capped with a beam 
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Piles arc driven deep Into the bed and also oonneotod 
latetallv above, and are about 4 it, apart. PUe benU ^ 
stronc and stable and are arritable for deep atreams witD 
muddy bottoms. B.C.C. trestle bridges are suitable f» 

epans of 12 to 20 ft. *. 

Column Bent Fkrt : Two or moM oolumna a^ bmlt 
on a solid foundation to support the main girdcra, 
are eonnetted laterally by mcana of beams and braced 
together. Tliey are lighter than maaODry piers and art 
used for continuous apans^ 

Cribs (Piers) arc generally tnadfi of wooden aJeep^ 
which arc placed tranaveraly in layeia which may be 
spiked together where required more or leas pernianontJy. 
The bottom is usually filled with rubble to ipke it heair 
for stability in running water. Cribs are quite stable eed 
suitable for temporary jobs and in swift and shallow 

Cylinder Piers : See **Stecl Cylinders” under Well 
Fonadations*' giv-cu earlier. Cylinder piers co^t of 
cast iron or mild steel cylindera sunk into the bed up to 
a Bolid foundation and preiectlng above the groimd up 
to the bottom of the bridge girders or le®, aoeordiog to 
the requirements of the design. The eylindere are filled 
with concrete after bebg sunk and masonry built at top 
where required. Th® cyUnders may bo connected or 
braced together bteraily. 


Be&ilngs 

The type of bearing to be ueed for brid^ will de¬ 
pend npon the amount of movement of the bridge ends at 
the bearings due to temperature changes and upon the 
load carried by the individual beams or slabs. 

A bearing of 1 ft. fnc spans up to 10 ft, and 1 ft,- 
3 ins. for spans 12 to 20 ft. over abutments and piers for 
R. C. road slabs, ifl considered enough by some eugineeiSf 
instead of the '*K” shown in the lUnstratioa beluw. 
Tarred paper may be ueed under R. C. slabs of small 
spam. The forward edges of the ahutmenta tops should 
be chamfexred off to avoid the possibility of spalling. 

Sitding PhU Biatijig: Permits slight slidiiig of & 
girder end under expansion or oontraoiion over the bearing 
plate. Btaring plates are satisfactory where the pressure 
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rttf t|w btww jg 21 ^ more than &boqt 

400 Ibs./sq^ in, in bear¬ 
ing aurfaoe, and for 
apana not exceeding 45 
ft. The bottom bearing 
plate nhould rest on a 
sheet lead plate of 
thickness. The lead 
platea also serre to 
Lixe bearing preasurea on 
the baee i^hen the span 
deflects under live loada 
and thna prevent high 
edge presenre. (This is 
generally for R.C. s1aba,> 
In the ca^ of girder bridges, a sole plate is rigidly 
fixed underneath the girder enda which nest on another 
plate rigidly connected to the bed block or the cap, in which 
slotted holes are made for the free movement of the bolts 
connecting the girders with the abutment cap. One end 
ts made fixed. The plates should be made of metal tughtv 
resistant to coiroaion each as, phosphor bronze. The 
underside of the top plate should he well coated v^ith gra¬ 
phite. T^Tiero bearing preesorefl are high and be-aring 
plates are used at fixed - supporta the lower support should 
be ground to a large radius so that a line bea^g is main^ 
tained under unbalanced loading. 


fPspar Itend JclAt tMtMci 
lla& a n*r mAII apuuL 

12 Lajvra vi mot Uwi 
[^•r SMrvT !•■«. 

Xv lAoctA at hMlnc - d.? + C+OIS It. 

ST 14 

^ wfUe^wnr im l«u. 

T = Pipih Hrt Btifias tlfld «■ c*« 

M 0.25 * o.oa Ft, 


For spans larger than about 45 ft,, deep cast bases ore 
used for steel girders. Slotted holes are made in the caat 
base for the free movement of the sole plate which reats 
on the ca^ base- 

For large epana, say over 60 fl.» and for expanssem 
bearings subject to heavy loads, rocker and roller beanzt^ 
are ub^. J?oclsr .BraofijFa pertniH alight angular movement 
in tbe supported enda of a bridge superatructrire. RoUo- 
Ikaring is a bearing assembly ennaiating mainly of roUora 
with suitably designed top and bottom plAte$„ which per¬ 
mits of slight longitudinal movements in the supported 
enda of bridge auperstnictnre. Solid rollers of ^ to 30 ii* 
diameter are used. 
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10. SKEW BRIDGES 

As far as practicable bridge should be mude at right 
angles to the axis of the channel; where absoluteJv essen^ 
tial the angle of crossijig with the road should not bcVltarper 
than €0 deg. A akevi' bridge is difTicult to construct, 
especially arches^ and the structure has to resist additional 
forces due to water preBsure and traction, Tho stresses 
in a skew slab are dimront from those in a straight slab 
as the planes of atreasea arc not parallcL to the centre line 
of roadw'n>T! and the difference increases with the angle 
of skew. The reactions at the supports change with the 
skew angle and the exact reactions are not knovra. It has 
been shown^ howeverj tliat the reaction of an abutment 
of a 00 deg. skew areh uniformly loaded varies from lero to 
twice tho average pressora, which should be kept in mind 
while deigning footings. {See also under ^ “Maronry 
Structurea'^^— Section 7.J The depth of the fonnilatioiia 
has also to be increased as they are likely to be scoured 
more. The following methods have been recommended 
for the design of bridge elabs and reoertions at foundations : 

(i) For akew^ up to 20 deg. use span along centre line 
of roadway; design slab as straight, and assume footing 
reactlous at abtuoe angle comers at free ends to increase 
from 0 to 50 per cent above the average pressure according 
to amount of skew. {This differential in support reaction 
exists only at the ends of freely supported slabs; in conti¬ 
nuous slabs the loads coming from adjacent spans to a 
largo extent es^uabze the pier reactions.) 

(ii) For skews from 20 deg. to 50 deg. use span per¬ 
pendicular to support; obtain thiekness of slab and amonnt 
of steel as though the slab were straight»then multiply atecl 
required by secant squared of the skew angle^ if jatecl iB 
placed parallel to the centre lino of the roadway. Assume 
footing reaction at abtuso angle comer to inercesa from 
60 per cent to 90 per cent above the average presaure at 
the freely supported ends. 

(«»)' For skews Iqrgcr than 50 deg., a T. girder bridge 
should be used even though tho spans are short. 

WTien T girders are used, the footing reactiona at the' 
abtut^e angle comers ore somewhat greater than for a 
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straight bridge^ but th« increase is small compared with 
that of a and is usually Ignored. 

The approach parapet towards the abtuse angle should 
make an angle of ^ deg. with the axis of the ehanuel and 
towards the aaute angle should make an az3g1e=|td of 
the acute angle of skew. 

The Centre line of the pier of a akew bridge should be 
parallel to the line of flow of water. 

JI. T.RC. STANDARD LOADINGS 

Class “A : Heavy loading—Adopted only in certain 
industrial areas and certain epc^'ed highways. 

Class “ Standard loading to be adopt^ in general 
for all pennanent structures. 

Class ‘ : Light loading to be adopted for temporary 
stmetures or timber structures. Class "5'' loading la 
about 60 per cent of Class loading. Tbis loading eon- 
forma with the design of a road bridge ^ take a moving load 
of a lO-ton road roller passing one at a time over the bridge^ 
Fur details {for design} see the l.K.C. Bridge Goden 

REHTFORCED CEMENT CONCRETE ROAD SLABS 

Dead trtighis af ConcreJs Btidgss i 

(*ij Solid slabs: W=J00'+9'L 3 inlbs./sq. ft. of floor 
{ijJ T-beains W=100+5L ] area of slab 
L is clear span in feet. 

{Includes weight of wearing aurface at 40 lb«./aq. ft.) 
Joiwi in RC.C. Road Slabs : 

{Joints have been dealt with in deUJl in Section g.) 
\Miere an expatifion joint ia provided there shonld 
be a free joint through every part of the bridge deck at 
that point. 'ftTiene wenring aurfaecs have to be carried 
continuously over joints in bridge decks, some form of 
continuous support over the joint is required. This is 
best pno^-ided by a steel plate secured to the deck at one 
side of the joint and free on the other or, if the movement 
ia likely to be small, by a standard T section which is 
dropped into the e3[panaion gap, without attachment to 
the structure, (This has been shown in the LUuatratbiUB 
in Section 8.) 


19/36 TNDUS FftiCnCiL CIVIL trA!tD&00£ 


The width of a joint should be four limes that actually 
required by theoretical calcuUtioiis actd the joints should 
be fiDed with bitumen and sand and should have a csopper 
waterutop. The road alabi should have free longitudirud 
movements over abutments or piers and over sliding; plat® 
as explained before. Adequate joints should be provided 
between deck and parapets to take care of transverse 
Bipanaionfl, Kerbs of slab brldjfes should be cast inte^al 
with the deck slab, but kerb and slab should have a joint 
on oonfinuQtis T girder bridges. Joints in handrails are 
necessary to secure discontinuity of rails so that they will 
not act with the deck slab. Contraction joints should bo 
placed in members with little reinforcement in the direc- 
tion of restraint; for example^ a longitudinal joint should 
be on the centre line of construction. Joint between the 
approach elab and the deck slab is essentlah as shown in 
the iUostration. 

A gap of 1 to 2 inches* according to the length of 
the slab and temperature ranges, will be found adequate 
between two slab ends resting on one pier, Eipsn'ion 
joipta should be placed at free ends of all continuous 
units to ^ provide for Icngitmdina] expansion, 

Dramage outlet boles (spouts) 2 to 3 ina» dia shonM 
be provided on both sides of the road through the psra- 
wts at iuterralfl of say, 8 to 10 ft.* the surface 
Mving bttu given adequate camber and longitudinal falls. 
Roaa Buifaclog over Cencrete Slabs 

(n) the concrete surface with a coat of asphalt 

and^c^r it ^th 1|' of earth as cushion over which 
to 6 of iMt^ng can bo given duly surfaced* 

Asphaltic concrete about 2' thick as per specifica- 
under '■Rtads". A Braell amouM of oement 

t ^ filler will improve it coaBiderablj. 

wooden rammers or li^t roller, 
» Wearing surface of 3* cement ©oncrete can be 

r bridge alnb as explained 

^cr Cement Concrete Roads. 

Stwn^henljig Bristtng R.a Slab Bridges 

TDfitn ^ ^ increased by adding 

aothartt.^ bonding it with the old slab 

»that the two slabs act In conjunction. 
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T. DATA FOR E.C.C* SLABS FOR ROAD BRJBGBS 


PreelT Supported vith 3* Wearing Coat 
for I.R.C. Heav}* Loading*: 


Clear 

^lan 

B, Jl, pn* 
ft. width 

! 

Sbeoe 
per ft* 
width 

Total 

thu'knM 
of iUb 
{exelti- 
dinjf 
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coat} 
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in 
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Concrete 
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d Jg 
p 

{C “ 

-4u 

S’® 

a 

m ■ 

^ D 

as “ 

ft. 

in, Jba. 

Ibi: 

ins* 

int. 

ID 

J 

iZM. 

n 

' LDO. 

s 

t 

34,000 
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7 

*1 



M 

i 
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4* 

f 

1 H 

0 
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8 

ri-l 



4 
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B.STO 

6} 
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3 

1 

s* 

? 

113,000 

e.050 

10 

pe 



41 

t 

I! 

s 
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6.250 

11 

9* 



4 

t 

; 

9 

100.000 

8,090 

111 

■+ 


[ 


1 


10 

190,000 

6.8«0 



; 

f 

*4 

1 


11 

150*000 

7.210 

i4 

*> 

t 

41 

i 

1(4 

14 

320,000 

7,630 

le 

1* 




t 

10 

IB 

307,000 

7,860 

17 

1 H 



91 

■ 

10 

18 

304,000 

8.180 

IH 

Wf 



0 

1 


18 

< 474,000 

6,030 

191 

>r 



01 

1 


SO 

. 007*000 

0,780 

21 




0 

I 

9 

ss 

001,000 

9,780 

22i 




41 

t 

H 

14 

705*000 

10J80 

24 

.. 



4 


11 

10 

830,000 

10,700 

15 

PI 



4 

f 

11 

IT 

Ml,000 

1I.0SO 

18t 

Bl 



01 

1 

11 

30 

1 too,000 

11380 

29| 

PS 



01 

, t 

1 10 


The above table may be used for small bridges oa 
national and pmsdnciat highways wiiere LILC^ Clast A A 
or Class A loadings are prescribod. Tbe heaviest [ooding 
may ootne on the bridge only once m a while and which 

be taken by the factor of safety^ 

Notes on Road Slab Tables 

(t) Hie bending moment for design i n dud eg for 
impoctj wind load stress, dead load due to weight of slab 
and wearing ooat- 

(u) Design is worked out with stresses—19000,790 
and 15. Shear stress is within permisable Limits therefore,. 
DO shear remforcement is provided. 

(hi) Lon^tudinol to be bent up 45^ at a dis^ 
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Uhm of 0J5S from the edge of abutment aa shown in the 
iOnatratton in Section $. 

No, of mdn ban cranked at each end ;— 

One longitaduia] reinforcement bar should bo bent 
up in eweiy four ap to 10 ft, span and in. every tw'o for spans 
above 10 f%. 

(tr) For spans over 10 fl. a longitudina] camber of 
6/240 may be given. 

(v) It is generally economical to nse single slabs 
instead of T beams for spans up to 30 ft> 

(ei) If fuU length bare are not availsble and lomts 
have to be providedjap joints for 45 rlis. length provided no 
joint comes at mid^span and all joints are well-ataggered. 

(n*) Distribution reinforcement given in the table ' 
applies to middle portion of slab. For slabs having 
spam 12 ft. and ovcFi nominal sarface reinforcements 
should be provided at top to Gonnteract temperatore effecta. 

(Based on I.R.C. Paper No. 107). 

II. BATA FOR ILCX. SLAB5 FOR ROAD BHIDGSa 
Fkeely Supported with 3' Wearing Coat 
for LR.C. Loading : 
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BoDed Steel Beams for Bridges wtth R-C.C. Decking 
for I.R.C. Gass “A” Loading 
Note : 

{a) R.S. Beams are 6'*6' ojMrt c/c. 
(6) Details of R.C.C. Slab Decking:- 
Slab thickneaa 7^' aith 3' 
wearing coat. Slab will be rein¬ 
forced with dia. bare at 4* 
c/c at right angles to the direc¬ 
tion of the beams. Adeq^te 
reinforcement shall be provided 
at the top of slob over beams 
for poe. B.M. Alternate bars 
may be bent up. Ix)ngitudinal 


ClMT 

•paa 

Six« of R. 8. 
Beam 

ft. 

ina. Ibe. 

16 

16X8x46 

16—17 

16x6x80 

18—10 

18X6X66 

JO—21 

20X01X65 

24—26 

22X7X76 

27—10 

24x7|x96 

16 

221x10x118 


Dare ^lemp.; wiwm , ——- 

!• dia. at IT c/c ehaU be provided. , 

* (c) The decking slab will project 6 plus width of 

parapet on both sidee of the end beams to up 

ri2 ft. traffic lane. The slab may project up to 2 -6 on 
the end beams to make up for greater a-idths. 

(d) Mild steel (rustless) bed plates } thick, or two 
layers of J' thick lead sheets, may be provided under 

^”(€) Provision must be allowed for expansion of girders 

at the rate of T per 100 ft. of span. i i, u- 

(/) }' dia. anchor bolts in slotted holes sliall be 

provided on each girder end; 2 bolts on each end. 

^ (g) Bottom of the R.C.C. sUb either rests on the top 
of the beams or is made level with the bottom side of the 
top flange and the neg. B.BI. bars rest on the beams. 

^ (A) 2^'x2J'xJ' L spacer is fixed at the centre at 

ririit angles to the girders, in spans above ^ ff • 

^ (*) ^Drainage holes should be provided on both sides 

ofthe road at 8 ft. intervals. 

12. MASONRY ARCH BRIDGES 

SnttabDlty of Arches for Bridges 

Recent testa have shown that mason^ and bi^ 

arches, with a good rise and ring 

maintenance, and good foundations are capable of ^frying 

very heavy loads. A good deal of strength is derived 
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the filling where this hae become well consolidated after 
many years. There is every reason therefore, to recom¬ 
mend the construction of arches for spans up to 30 ft.» 
e^)ecially where brick or stone is readily available. The 
joints in brick and masonry arches permit some ad¬ 
justments to changes of temperature without csurang 
undue internal stresses, and shrinkage stresses are not set 
up; such tjrpee can even withstand minor abutment move¬ 
ments without severe distress. In all arch bridges rigidity 
of abutments, piers and foundations is essential and 
foundations must be absolutely unyielding and there 
should be no possibility of any settlement. 

Rite/Span Ratio 

^ Every endeavour should be made to keep the rise/span 
ratio as large as possible; temperature and ahrinkage effect 
toerw^ rapidly as the ratio falls below about and there 
is uao an increase in the bending moment and thrust due 
to live and de^ loads, -jty should be regarded as the lowest 
iimit nermissible; the most economical designs lie in the 
T to J. For economy in material in the arch ring 
1 i 1 of the arch should be between 

I SM J of the span as semi-circular arches exert no thrust 
on the abutments or piers and elliptical arches exert very 
little thnm. Site conditions may limit the choice of the 
shape of the arch. Parabolic or segmental shapes usually 
give more gnomical designs than elliptic or 3-centi«d 
vaneties; the segmental assumes generallv the best ap¬ 
pearance. * 

(See also under “Masonry Structures".) 

Thickness of Arch Rings 


For se^ratal arehM t should not be less than 0.46\/B. 
For culverts under high fills, increase t by 60%. 
Thickness of Abutments : ^ 


R r 

io'^* than IJL 

*■ from the 

b-E+H K »*+r* 

I4r 
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front mav be vertical 


, , 24xr 

The back batter=l m-— 
or 1 in 12 to 1 in 24. 

L*ouldnotbelM»than lh. F may be eqo»l to JO. 
(See illustration on the following page.) 

Take G=1 ft.-6 ins. and j"®*. ^ . 

R=radiu8 of the art* intrados in teei, 

r=ri 9 e of the arch in feet, 

Rsthickness of abutinent at springmg, 
b=thickne88 of abutnwnt at depth “Z* below spnnging. 
tsthickness of arch ring at crown in ft., 

Tho'*^bu^nl« should bo back-filled up to the 
springing before striking the oenUring- 

™*^tUcto« of a pier drould be sufficieot to ^ 
the thmat resulting from one of the two 

when it is oorered with the deeign Ure load whDo the 

other rOTiains unloadod. The thickness at the top iMst 
be adequate to accommodate the skew backs on 

*^*^*aort piers may have vertical aides or 

24 to 1 in 30 and long piers, a ft^^more than P 

not be less than W3+9' and at lca?t 1 ft. more than r. 

^ °^ve^^4t^ or 6t*h pier should be an pier of 

the the abutments with batters of 

^ ^ k)!SLifW ^aUs are the walla built on the top of the 

arch rings up to the level of the ^way. 

is the space extendi^ from the top of 

masomy an* to the top of the roadway. 




C is earth cushion. 


Working stremes for Masonry Structures have been 
*‘”F!rr work e^stone 

Joints should be not thicker than k . 
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DATA FOR HASOIfRY ARCHES 


Span m ft. 

3 

3 

1 4 

5 

6 

1 8 

h 

S' 

S' 

I'O' 

I'-O' 

r^r 

I'-fT 

•1 

S' 

S' 

r-u' 

r-ij' 

r-ij' 

r-ir 

h 

9* 

S' 

r-ii' 

I'-U' 

r-u' 

r.ir 

C 

l'-6' 

l-'6' 

1'.6' 

r-6^ 

r-6' 

r-o^ 

El 

r-o* 

r^f' 

r-6' 

r.9' 

3'.0' 

3'4' 

S* 

r-3' 

i'r 

r-n' 

3'.0' 



Pi 

l'-4' 

r.4' 

r.8' 

r-KT 

2‘.0' 

2'-3' 

Ps 

r.6' 

l'-6' 

r-ioj' 

2'.3' 

r-r 

r-3' 

Pt 

I'-e- 

r.6' 

, r.ioj' 

r.3' 

j'-r 

r.7j' 


I'-O* 

r^r 

I'.O' 

vr 

r-3' 

r.6' 

Ot 

r.6' 

r.6' 

r-6' 

r-9' 

r-9' 

ro' 


tj btolaMdrnMOd *1000 or oement concreta (1:11:5) block 
lUMonry in oeiucnt mortar 1:3( arch ring, 
tf Irt olaaa briok maaonry in catnent mortar 1 ; S, arch ring. 
^ Ditto. Ditto. in lime mortar 1 : 2, each ring 

"1 Irtclaaeatotie masonry in cement mortar l-.S, abutment top. 
Eg 1st olaaa briok masonry in oement mortar 1:3, abument top. 
P| ^ olaaa masonry in cement mortar 1 : 3. pier to^ 

* t claas br^k masonry in cement mortar 1:3, pier top. 
Pg class brick masonry in lime mortar 1 t 1, pier top. 
Oj Oement concrete 1:3:6, depth of foundation. 

Og Cement concrete 1:4:8 or good lime ooncrete, depth of 
foundation. 

(Baaed on LR.C. Paper No. 167). 

Arches for I.R.C. CHass “B” loading aro given under 
^Masonry Arch Culverts”. 

The tops of all abutments and piers should be in oement 
mortar 1;4 for a depth of at least 2 ft. 


Finings over Arches and behind Abutments 

Filling of a porons nature such as brickbats or ballast, 
should be 08 ^ bo cover the whole extrados of the arch to 
f *t least one foot over the crown. Similar porous 

DMkftiling ^ould be done at the back of the abutments. 
To aafeg^rd against water penetrating and leaching, the 
TOtire extrados of the arch ring and the lower 6 inches of 
the spandrel \^II should be covered with bitumen. The 
matenal used for filling over arches should be drained by 
providing dram pip« set near the springings to lead away 
all water rnnn^ down the water-proofing of the arch 
«tnido9. Dmin pipes or weepholes should also be pcovid- 

V? ^ out water from the porous 

backfills and which should be 6 ins. above normal waterTevel. 
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LB.C. STANDARD CLASS “A" LOADING 


10 

15 

20 

26 


_ 

40 


I'-r 

I'-G' 

r-s* 

l'.9' 

IMO** 


IMf 

r-6' 

iMor 

IMOi' 

r-3' 

r-r 


I'-S' 

iMor 

iMor 

r-r 

r.7i' 

3'-0' 


r-(r 

r-(f 

r-o* 

2'-y 

r-6' 

r-s* 

y-s* 

y.6* 

4'-r 

S'-O' 

s'-r 

S'-O' 



y-0* 

4'-6' 

S'-3* 

C'.O' 

e'-o' 

r-e’ 

8'.8' 

r-s' 

r-o* 

s'-r 

3Mr 

4'-3' 

S'-O* 

S'.O* 


s'-tr 

^-41' 

4Mr 

4'-6' 

6'-r 

6'^ 

S'-O* 

S'-4i* 


4'.11' 

4'-6' 

6'.S' 


r.6' 

i"-»^ 

r-or 

2'-6* 

2'-0' 

2'.6' 

r-s* 

•'.0* 

r.6' 

rr 

S'-O* 

3'-3' 

3'-6' 

3'-»' 



StrUdiig centres of irehes. The centres should not be 
struck before one week after the completion of the arch. 

Skew arches shall be so constructra that the courses 
are everywhere at right angles to the lines of thrust. 

Conditions of Stabfltty 

Abutments. An ardi abutment should be investi¬ 
gated for the following three conditions of loading—(i) Dead 
load plus live losd on | span adjacent to the abutment, 
(h) rSad load plus live lo^ on the other | span. (Ui) Dead 
load plus live load on the entire spaiL Ror each of the 
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above conditions of loading, the line of pressure in the 
course enumerated above shall lie within the middle half 
of every section of the abutment. The line of pressure 
shall lie within the middle-third of the foundation and every 
effort should be made to keep it as near the centre of the 
base as possible. 

Strengthening Existing Masonry Arches : l^isting arches 
of small spans can be strengthened by additional rings^ at 
the bottom. Additional rings at the top of the existing 
rings do not add to the strength of the existing ring. 

13. SUBMERSIBLE BRIDGES AND CAUSEWAYS 

Submersible Bridges or High Level Causeways 

Selection of site for a submersible bridge requires the 
following considerations : (i) It should have a small width; 
(it) well defined and high banks; (iit) and should have 
a straight reach for a considerable length. 

Submersible bridges or causeways shall provide for 
at lea.«.t two lones of traffic (22 ft. clear) between kerbing 
arrangements of posts fixed to body or walls. 

Design : 

(t) A submersible bridge should have deep founds* 
tions much below scour depth. Openings may be of arches, 
slabs or pipes. 

(it) The structure of the bridge should be heavy and 
massive, and should be safe against over-turning or uplift 
under the critical conditions, when the flood water 
is just about to overtop. 

(lit) Section should be such as to have least area of 
obstruction to the flow of water; should have mmimum 
number of piers and small thickness of the decking, with 
no parapets. 

(iv) All fillings should be such that would stand sub¬ 
mergence. 

(r) Headroom should be so fixed that the bridge would 
not be closed to traffic for a longer period than the traffic 
can afford. Spans will also be fixed according to the re¬ 
quirements of the traffic, height of bridge and the flow 
and duration of the storm water. 
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In additioii to tb« forces artmg on & bridge struct ufo 
u detailed under “Design of Piers", & submeraible bridge 
will baTB ; 

(t} Uplift presuire^ W X h—(horkontal and vertical 
farce in Iba./aq. ft,), where W ia weight of water per c.flt., 
and h is the uplift head under the decking, which is equal 
to the thickn «3 of road slab including wearing coat and 
afflni (aasamed) less the head lost due to increaae in velo- 
citv throueb the bridije openings. The head lost due to 
inSease in velocity=1V!-V|)/L>g, 

Vi=velocity under the openings, 

Vt=cirigiital veh>city before approaching the bridge, 
g^^accckration due to gravity=32,3. 

fu) pressure due to eddies: 

=’VV(Vv—V)^/2g {horizontal force in Ibe./aq, ft.) 

Vv;= velocity through the openings, 

V ^velocity of approach, 

tiii) Friction of water on surface in contact with 
water. AH the horizontal forces are added together to set 
on the pier face (at Jrd height). These forces are generally 
small compared to the bridge structure, 

A detailed design for a submersible bridge baa been 
worked out in l.R-Cr Paper No+ 173. 

FoUDdatlOM , 

On beds of sand, loam or elay, a monobthic cm con¬ 
struction or a cement oDUcrete raft which runs continoousiy 
over the entire length, with sloped aprons and cuf-o// u^ 
or dimr/W/j on both the Uj^treajn and downstream aides 
are provided to guard a^inat scour and undermining. 
Boulder pitching encased in wire netting is provided in 
the bed on both aides, away from eut-off walla. 

The abutments are made solid and of massive cons¬ 
truction; the approaches which should generally follow the 
bank slope are also paved solid extending U ft. above 
H.F.L. and made in the form of scuppers with upatreim 
and downatream small dwarf walla and pitching where 
required. Wheel guards are usually provided on the 
bridge instead of railings. 
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Cantewiys or Irish Bridges 

A causeway is a small submersible bridge without 
openings, or a paved dip in a road across a shallow drainage 
course (inundation stream) at or about the bed level, whi^ 
snll allow floods to pass over it. A flush causeway is a 
causeway at bed level of a stream. 

A causeway must not contract the stream, and main* 
tain a firm roadway against damage by floods, erosion 
or movement of the stream bed and it should be made at 
right angles to the current of the water flow to avoid 
scouring. The embankment if liable to erosion by floods 
must be protected by dry stone walling or pitching carried 
least 3 ft. below the stream bed level and 1| h. above HJ.L* 

Seoppen 

A scupper is a miniature form of causeway and extMuls 
across the entire formation width. A 8cu[>per should be 
Ud down in three curves in the direction of the road align* 
ment, convex at the ends and concave in the middle with 
the rerjuisite cross slope of 1 in 12 in bill sections to 1 in 30 
on flats. They are often preferable to wnall onlverts in 
bill sections but are unsuitable for use on steep gradiefits. 
A scupper is generally up to 2 feet span. 
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The depths should bo increased in sandy beds. 

Causeways may be built with deep upstream and 
downstream walls with no jwotection worics or with shallow 
walls protected by boulder filled wire mattresses, or by 
a concrete slab (li^tly reinforced at top and bottom) 
apron, below the downstream wall. 

14. SUSPENSION BRIDGES 

The simplest form of a suspension bridge comprises 
two sets of cables (may bo one or more cables side by side) 
<MW on either side from which a deck is suspended by rope 
■lingK wires or chains, spaced about 5 ft. apart. The lee¬ 
way consists of wooden planks placed transversely which 
are connected at ends by longitudinal wooden transoms 
which are supported by slings or suspenders. TTie whole 
stability of a suspension bridge is dependent upon anchora¬ 
ge of the cables at the ends. The cables are passed over 
towers and then anchored into the solid rock, if available, 
or into massive concrete blocks built underground in the 
such a distance from the towers that the cables 
will make equal angles with the vertical on each side of the 
towers. When live load is applied the towers are deflected 
towards the centre of the bridge and are therefore strutted 
or guyed behind to prevent overturning. If cables are 
pniwififl over rollers fixed on the tope of the towers, the 
top deflection will be minimised, or alternatively the towers 
can be at the bases so that they can deflect without 

bending. The dip of the cables at the centre of the span 
is about l/IOth to l/12th of the span and the towers are 
3 to 5 ft. Imiger than the width of the bridge and may be 
of s(^id masonry or braced steel columns. (3ood deep 
foundatimu are provided for the towers. Advantage is 
taken of th e hi gh tensile strength steel wires which are 
formed into a rope. Hard drawn steel wires are available 
of strength of about 100 toos/sq. in. For decking, stiffening 
girders are used as otherwise it is flexible under heavy 
moving loads. A temporary foot bridge is first msde to 
help the erection of the main bridge. Stiffened type of 
suspension bridges should be preferred. Braced type of 
stiffening is better than truss type stiffening. 
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^_’WL* rp _ H 

"^8d * ' coft* 

T=v'^+^' 
Vma^m od pier, per 
abte=^+Tj 


Length of cable 


H=hDrkoatal coiapoi:Knt of 

teofiioa m cable, 
ir=laad on cable per horkoo- 
tal ft, on span, 
d=dip of cable at oeotTti of 
span, 

T=oiax. tension in cable, 
Ti=teiiBion in anchor cable, 
^=&£kgle of inclinatiDn of 

anchor cable to horizontaf 


15, GIRDER BRIDGES 

Plato Girders 

Plate girders are snitable for spans from 40 ft. to about 
flO to 10 ft, and tiusaed girders for larger spans. The 
depth of plate girders varies from 1/10 to 1/15 of the span ; 
1/12 is the most economical prop rticn. The width of 
the Gangs under oompresBiou abould not be less than i/30 
to i/40 of the span and abooid not bo less than 1/lBth of 
the diatsjioe between effectire stiffeners if the edges arc 
nnetifferied and l/24th of these distanoos if the edges are 
stiffened, or it will be liable to buckle sideways. No plot* 
lees than ^ in. in thioknees should be used. GiMors 
ehoulKi be connected by the web and not the flanged, and 
should be built with & camber of about 1/4S0 of the clear 
sparu For preventing overturning, the width centre to 
oentre of the main gimors, shonld be not Ices than 1/I5th 
of the effective span. Panel length should not exceed 
times Its width, 

Girdeia of over 50 ft, span should have cast iron shoes 
upon the ends for expanaioa. Where cast iron is used 
for such purposes as bearing plates and other parts of the 
Etroctnre liable to straining action, it shall be of the strength 
as praa&ibftd in Section 5, Large girders should have one 
end supported on rollers working in a roller box. Working 
fftresses for steel structures are given in Section 5, Shear 
in webs of plate Orders is taken at 5 tona/sq, in. 

Approximate weight of a plate gmler=WL/(&0G—L) 
where ; 

Wzstotal load on the girder in toua; L=span in ft. 
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16. TEMPORARY AND WOODEN BRIDGES 
Wooden treetles are made in the channel bed which 
is of a firm material and where the velocity of the stream 
is not very high. The trestle bents are made of verti¬ 
cal poets or legs with their feet spread out at a slope of 
about 1:6. A transom is fixed horizontally across the 
1^ near their tope and a ledger is fixed across their feet 
and diagonal braces are provided between them. The 
trestle brats may be two legged, three-legged or four-legged 
according to the load, span and the height. Longitudinal 
girders are supported over the horizont^ transoms. Criba 
are made instead of trestle bents in swift and shallow 
streams. (See under “Piers”) Trestles can be erected 
at site in shallow waters or dry beds but for deep waters 
they are assembled on the bank and suspended at the site 
with their feet weighed. The wooden pieces are spiked 
together or tied with steel wires. Decking can be made 
of timber planks 2' thick for ordinary traffic and 3' to 4* 
thick for heavy and much wheeled traffic. 2' thick 
supported on road bearers or stringers at 2 ft. intervals 
can carry axle load not exceeding 1| tons. 

17. CULVERTS 

In the B.S.S. a culvert is defined as ; 

(a) “A drain, sewer or watercourse totally endoeed 
and usually of a size through which a man can 
pass. (6) An opening thresh an embankment 
for the conveyance of water by means of a pipe 
or an enclos^ channel.'* ^ 

A culvert is a bridge structure of less than 20 ft. span 
between faces of abutments and does not general^ has 
two spans. (Sometimes less than 12 ft. single spans are 
taken as culverts.) 

A culvert must be large enough to carry the flow with¬ 
out any heading up at the entrance. To provide for 
culverts should be assumed as only flowing half full when 
the approach channel is wide and shallow; if the banks 
are steep and the channel narrow }th full may be taken. 
For arched culverts the top of the culvert for calculation 
purposes should be assumed as lying half-way between 
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th« rocmging Mid the crown. But on the other >‘J» 
not mnSel to pinko . culcert 

eztn approech embankinents necessitating high abutnienU, 
hendwiSta and wing walls, for retanu^ 

The depth of a ciilrert ahooH be small, Mid ?ha 

matter much if the opening stops ‘r 

formation level of the road and the inlet is 
merged; instead the length should be increased 
ao that the toad cmhankmetit, with ita 

i, K*ommodat«d without high retain^ h^ead^-^' 
heading up of the flt the mlet ^on!d not ^ 

tip thM jUdfitennined safe level nor orertop ^ 
emWemenT^(An opemng running full giv« leafl discharge 

than when mnniug partially fuUd culvert 

To aet the best advantage of the capacity of a 
the shape of the antranee should be such as ^ ^ 

a^unt of lestriction to the free flow of 
This can be eehieTad in the case of plane face ^ 

Tens by moana of pitched aprons at both orida 
tjained banks with outward curved chorda winch lOJ^e 
HU anal* of 70 with the face wall. Slight ^amfei^ 
or bell'mouthmg at the inlet euds of pip« or 
increaae their wpadty of discharge. W 

draulica”). Further mcieaae in the rate of 
in pipe culverts by fixing the invert somewhat beww x 

natural bed level of the stream. flit 

SometiiueB a road embankment is made aerw 
tiountry without any dcfmsd drainage cfaannclfl 
InteTcepta the natural flow of rain water wl^ ^ 

on one ade of the road embankments A sunpk 
to mnedv this ia to provide dips or small eowcuxiys va W 
longitudinal proffle of the ro^ and let mtef pM over 
them. Cement eoncrete slaha for small dtps will be very 
■ahabk. In wet cultivated or waterlogged country^ or 
where the embankment has to be taken hi|h above the 
giound Borfeoe, dipe or small qauaewaye wiH not m a 
aath&ctory 3®h, shallow culverts will have to be built. Rpo 
eulvertsp or pipe barrels embedded in cement concrete^ 
drpa, funetio^ng with theinlete submerged, can be P™™fT' 
Foe Urge culverts where considcrahlc flows at high 
welodtfaa may oocur^ a low bund up to about 50 ft. down^ 
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stream wiil prevent eootinng rouiMl tha foii 2 ]{lH< 

tioiis. In hilly reaches on nailahB whare ’detritus, bouldenr 
and much of sand or silt is brought do'nm with the stTeanL, 
it 13 uEuhl to m&ke a catchpit in front of the culverts to 
facilitate nlfAtiipg of such detritoSr The width of this 
catchpit is the same as that of the culvert and depth about 
1 to 3 ft. 

In the case of culverts or cansawayH on blaek »iU or 
soft strata, a complete raft of ooncrete 3 to 6 ft r thick should 
be laid below the neat work for the full width and lengthi^ 
Provide a ’curtaiu wall also at the downstream edge of tho 
wing waQa 

The arrangemeut of head wallfl and wing wells must be 
such that the embankment is pirotocted and the flow of 
water facilitated. Wing walls may be pau^Ue! with or at 
right anglea to the aria of the CTUTert, or may be plawd 
at an angle with the head wall, umially 30 deg. or 45d^. For 
hydraulic reaaons,^ especially at the upgtreani ends, flared 
wings are best and the culvert is less likdy to become 
choked than when either of the other types is used. 

It is not generally convenient to make a culvert of u eiie 
Bineller than 3'x 3' or 3' dia. and it ia then called a Vfnlw^, 
No operung should be less than 4 ft. widex 2 ft . d^p. 

Tn pipe culverts or other fimaB culvErts wbicn Bhoukl 
extend across the whole formation, width, wing walls can 
be oEiitted, especially where there is good amount of earfb 
filling Over the culvert and a stiaigiht wall (contmuatksii 
of the heod'Wall) is provided. The length of such a wall 
should be little more than sufficient to keep the earth of ^e 
embankment spilling around its end a:^ from reaching 
the opening. There should be flufficieiit ear^ cushion over 
the top as explained under ^Abutments^ with a minimum 
of 3 ft, over a pipe culvert. The length of a culvert (equal to 
formation width) will be width of the road plus three time® 
the fin over the top of the culvert for a I slope of soib 

Fouodsflons and Favements 

General principlea laid down for the derign of bridges 
apply equally to ndverts. Where the foundations of 
abutments are carried bdow the scour depth and the water 
way of the stream is not restricted and the velocity is not 
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«xp«ted iacreaae dniiiig the Hooda beyond the ciiticeJ 
Telocity for the bed mAtenal, there nhouM be no neoeaeity 
of proTzding a paveioent^ Where the watenrey Hm been 
restricted but the velocity ia not expected to exceed 7 ftv/ 
sec., loose stone or block pitching may be conetrocted 
extending up to the end of the wing ^^Is. Where the 
waterway ]s condderably r^tricted so that the resulting 
velocity exceeds 7 ft./sec., and also for calTerts founded 
on ero^ble soils, Haora sKouH bo paved and a paved apron 
given downstream extending ap to the end of the wing 
walls. The pavement Rhould be designed to withstand 
upward pressure reeulting from the he^ of water in the 
stream. The top of the floor ia kept about one foot below 
the bed level of the stream. Drop waUs are provided at 
the npatream and downstoeani ends carried to depths 
depend]^ on the velocity of the flow and erodibility of 
the bed material or scour depths but not less than the 
depth of the footings. In the absence of any preciSU scour 
data (in etodible soil) the abutment fotmdatsons should 
be taken to at least 5 ft. below the natural bed level; up¬ 
stream drop waUfl 3 to 5 ft . deep, and downstream drop 
walls 5 to S ft. deep &em the top of the floor* (muatrs- 
tions in the pages following show the minimum depths 
for drop wa^ in good soils.) Thia will prevent erosion 
or undercuttings Pavements and drop walls are not pro¬ 
vided ia hard soils or in canals where flow la controlled 
unless so designed, and in some cases only a single drop 
wall on the downstrum aide will finffice. Where the exit 
is a &ee overfall a suitable cistern with tho drop wall must 
he added for the dSampation of energy* (See under '"Water 
Coahion M 

^ the wse of small culvert* in non-erodible beds, 
foundations should be taken down to at least lift to 2 ft. 
from bed level. ' 

Box Calverti 

For R-C. Iwi culverts, the thickness ( of the top slab 
may be derived from the formula : 

I=0.085V®1L 

whert ; i u the effective thickness in inchea and B* M- Ifl 
e jiding moment tn ft. Ibe. Tensile rcitifo'rQement 
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will be 0.30 per cent of the croe&^aectioiial eres.. 

Verticftl Are designed for a lateral preeanre eqoaJ 
to I of the Terticai load, or bending moiiioat is calculated 
aa for a simple beam with aTerago hoiiKontal pressure as 
Weight and height as span. (These arc onlj approxi¬ 
mate e<^nations erring on the safe aide^) The jnnetioiia 
of the walls are made rigid bj proridhig fiDots at the 
comere. 

As box culverts are not generally built for more than 
12 feet span or height, all the four walls are usually made of 
the same crosa-seotiou and the same reinforcemeut provided 
as for the top slab. Tensile rods are placed on tJie iuuer 
faces of the walls and the floor. Temperature reiiiforoe*- 
ment equal to about ^th of the main remforoeuieat is 
provided in the longitudinal directieo. All the four inner 
comeie are splayed about 3 to 6 ins, and extra reinforee* 
ment provided in the fiDete (aame siEc of rods as for the 
tensile reinibreement—put about 12 inches apart). Addi< 
tkma] rods of the size as fur the teosile remforeement should 
be provided about 12 inches apart on the outside faoee 
of both tbe yertica] walb and extended to ^rd the dtstanee 
of the top and bottom slabs so as to adequately reinforce 
the comers and also to act as oompreeskiiQ reinforcements 
for the top atwl bottom slabs. Bottom slab may be extended 
(about 3 iaehes) on either side and 3 inches of lean oonerete 
consolidated [as foundatiouBj under tbe bottom where the 
eoQ is weah. 

Expansion Joints in box oulyerta can be provided by 
eaving out a gap of The two bits of the conduit are 
pointed by a copper strip 3/16' thick and wide made 
with a loop of 1^' dla. in the centre. The gap is filled with 
pre^moulded bitumen, saw dust and sand. 

Earth Cvshion : All slabs which axe not deelgned for 
live loads directly on to their tops should have an earth 
cushion of at least 3 ft. under Class "A" loading and 2 ft, 
under OaBa “B’* loading- For arches and pipes see under 
“Bridge Arches** in the table appended thereto. 

l^lps Culverts 

For amaD disioage eroaongs pipe etdverts are often 
found in practice to be the most economical and eadly con* 
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strncted. These ctxlverU can be euUj enlMged subaequently 
to take ,* lOre discharge by the addition of one or more 
pipes, xhe pipes may be of C.O.L sheets, earthenware, 
or cement concrete. Old tar drums are also sometimes 
used. Cement concrete pipes are most commonly used, 
reinforced or unreinfort^. Reinforced concrete p4>^ 
are more economical for sizes above 18' and under heavy 
loads. The discharge through a circular opening is much 
more than through a rectangular opening of the same 
cross-sectional area, especially when running full; circular 
openings give about 25 to 30 per cent more discharge. 
(See under “Hydraulics*’), ft is more economical to 
provide lees numW of vents of large diameter pipe cul¬ 
verts than more number of vents of small diameter for a 
particular discharge. 

Pipe culverts should be laid on a firm bedding. (Bed¬ 
ding of pipes has been described in detail in the Sections 
on “Drainage and Mwerage” and “Water Supply”). If 
the soQ furnishes a poor support, the pipes should be bedded 
in a layer of concrete; in the case of camseways, all pipes 
are embedded in concrete. Solid foundations may not be 
provided in good soils as some amount of settlement as a 
whole in the pipes can be tolerated. 

The over-all lengths of pipes required will be 32 ft. 
for national and provincial airways, 26 ft. for district 
roads and 20 ft. for village ro^. The standard length of 
precast R. C. pipes is 8 ft. Additional short lengths 
should be placed at the middle section of the barrel and 
not at its extreme ends. 

Conerete Pipes (Bfanufacture) 

Concrete pipes are now being manufactured by several 
firms, the main features of these pipes is the dense cement 
mortar obtained by the special spinning process employed. 
These pipes can be easily manufactured locally at the site 
of the work which can bo made of the same strength if 
vibrators are available. Small stone aggregate or bajri 
with 1 : : 3 mix arill make a satisfactory job. The 

moulds may consist of two concentric hollow cylinders 
enclosing between them an annular space according to the 
thickness of the pipe. The outer form may consist of two 


mtrn nBi AinJ C^VIBTa 


10/55 

h*lf crlrndwTs wbiqh can be bolted tog^hsr to form e fall 
cylinder. Aa it would be diffic^t to consolidate concr^ 
if the height to be poured at a time ei«>ed3 2^ to 3 it-» 
the forms should be of such lengths that two forms jointed 
together mshe cme pipe length. The arrangement for the 
inner cyliuder has to be more elaborate hs it is to con¬ 
tracted to a smsUer dismeter to enable it to be aHthdrawn 
without d»T^ aging the partially set ooiicrete» The inner 
cylinder should be of the full length of the pi pe to be cast* 
(For fnller detdls, eee I.R.C. Journal vol. XVI I* page 
131), The pipes should be made in lengths of 4 to 6 ft. 
Pipe iialverts are not geuerally made more than S ft. m 
diameter^ Tubes uormally have ogee joints and pipe* 
hsTe spigot and socket joints. 

Bending Homents in Ciieiilar Culvert Bings 

A pipe is treated as an arch for calculating stresses. 
The vertical load on half the section of the pipe {tr&ted as 
an arch) is taken as uniformly distributed and filling over 
bauncheB is neglected. The horizontal pressure is also 
ignored, 
m M=ipd* 

M=bendiug moment at crown and at centre of base 
for a unit length of oulveit; p=load per ujut area; 
d=diameter of enlvart. 

{«) M=ir*(w-p) 

H^bending moment at the top, bottom and two 
sides of the pipe; r=meau radius of pipe 
w:*:vortical preasiiio on the p^ per unit of area 
on the horizontal projection; p=lateral earth 
pressure per unit of area on the vertical pro¬ 
jection. 

(There is not much of differenoe in the above two 
formulae; (i) erring on the safe side.) 

J7dn/on:emeiiJ: 

Reinforcement in pipes conaists of hoops and longitudi¬ 
nal bare. Hoop reinforcement is provided to take up the 
fuU bending moment. Ijongitudinal reinforcement is about 
Jth to ^th of the helical reinforcement. dia. bare at 
9-iQS. e/q usually suffice. 
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It ehoold be noted that at some locatioiui the calrert 
jnpee will be aubjeot to lon^tndinal bending in which cas 9 
flofficieiDt longitudinal reinforcement ahoold be provided 
in addition to the helical reinforeeimeat to withstand thia 
beam action; |rd of the heUcal reinforoemeat is recommend¬ 
ed for the longitnclinal reinfoTcemeiit. 

Hoopa are provided either : (i) concentric in one 
layer in the centre for pipes up to 24' dia., or (ti) in 
elliptical form for pip« 24' to 72' dia., aa shown in the 
illuatration, or {ifi) in two concentric layers for large 
diameter pipes under heavy extomal loads or internal 
preasnre. T^e inner cage is placed doea to the inside sar- 
faoe of the pipe while a lighter cage la placed near the ont- 
^e snrface. If the pipes are to be manufactured locally, 
it is preferable and easier to fii double layer of reinforee- 
mcnta in heavy pipes. The reinforcing bars should be 
^ggeied and a covering of givsn on both the faoee^ 
The reinforcement ahould be arranged in the elliptical 
form as far as possible. Hoops ahould be welded to the 
longitudinal bars where practicable. 
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Masonry Arch Culverts 
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There should be ui earth duhion of at least 1 fW 
6hiB. above the crom of the &rcb. 

CSXPT cQgc&jna tin oiltci? 
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RenplnmeDti lor CG.L Sbeet Flp* ColTarti 



Length of sliaet 
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Fipa< 44* or Ikbw In dioiofiter ihoold b« 'sloagAted v^rtipsU^ s 
par oobI by fl«]d or liy ob i^nwd Ahdp matbod. Ths 

ftrata iholl be {dsood bafcm tba badcnuifl otartod. 


High head walls need not be pro¥ided for retaining 
deep oTorftlle ae they are ooetly; instead, the length of 
the omhtirt should be increased suitably so that the road 
embankment, with its natural side slopes, is aooonnnod* 
ated withont high retaining walls 

Pipe oolTtota ean also be made of plain sheets up to 
6 ft. diameter and No. 3 gauge. Sheet (mlverts must be 
aaiTQunded by oonaete and should hare adequate earth 
pnwhi^n I7ae baaTier gauge under heavy fills. 

mvetfl may be of the foQoving diameters for the gauge 
Nob. specified : 


Osage No. 

lA 

14 

13 

10 

s 

Plat is. 

S 

1G 

10 

1 

1 

i 


Hie tongitudinal laps in all pipes 42 inchf^ or more 
in diameter Bhoold be double riveted. Circumferential 
sbop'riwted laps should have a m aximum rivet spai^ 
of 0 inchee; 0 rivets wiD be snfficient in a I24nch pipe. 
The ontside laps of circnraferentjal joints should be point¬ 
ing upffbwn and the longitudmat taps on the adn. 
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Theondc&l Weights of G»lv»iiised Sheets 


Gauge Ko* 

a 

10 

11 

14 

14 

Wti.ftE. per»q. ft. 

112.0 


no 

£1.3 

4£J 


Boles lai ConstnietiOD ef Pipe Cnlferti under Deep 

(Based on British Mifliatty of Tranfiport mfitroctioiiflj 

(а) All pip^ arid tubes 'irith 20 ft* of ooTfir to bo mi* 
rounded with at least 6 iiuhea of coacrete^ 

(б) Subject to {a} all pipes and tabes with over 

14 ft. of eotrer to be be^ed on and haunched with at iwst 6 
inches of eoncxeto to a height of at least half the ette^l 
diameter of the ppe or tube. Any splaying of the ooncret* 
to be above that level. ^ 

(«) Sabject to (o) aU pi^ aud tubes of 18 mohea 
diameter and over to be bedded on and haunched 
least 0 inches of concrete to at least half the eitemal dia¬ 
meter of the pipe or tube. Any splaying of the oonoroto 
to be above that level. 

(d) Subject to (e) all pipes and tubes under 18 
diameter aud with lass than 14 ft. of cover may bo laid 
without coQcrole if joints are of the sDcfcfit or collar typo, 
but concrete tubes with ogee jointe are permissible when 
laid as in (a), (h) and («). 

(e) pipes and tubes with lees than 3 ft. of ooyor m 
fielda or 4 ft. of cover in roads to be aurrounded with at 
least 6 inches of concrete. 

(/) Eveiy culvert under a highway should be fio 
that the mmifnnmi dlstanee from the finished aurfaoe of 
the road-bed to the top of the pipe is not leea than one- 
half the diameter of the pipe with a r piniTunm of one foot^ 

Loads on Flpa Under Envy FlOs 

The exact smoimt and the nature of kwd under heavy 
fills still lemeins a disputed point and depends upon msuy 
factors* It is not like the arch m ^ion of masonry walls 
as taken for lintels. Aceording to the reenlta of some 
recent res^rches carried out in America it is ooumdered 
that: (il tn the case of oonduits laid in cuts or the 
linings of tu nneli j no further increase in pResorfi on 
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the pipe conduit is to be eipecled if the depth of ti^nch 
exceeds nine times its width, (ff) For enlTcrte under 
heayy fiding^ the earth pressure is less than the total weight 
of the nmterisJ over the pipe if the pipe is flexible and the 
top of the pipe deflects more than the adjacent soil. If the 
pipe is ngid^ the total load coming on the pipe ia more 
than the weight of the earth prism over the pipe depending 
On the Stiffness of the pipe, the type of its bedding and the 
amount of compaction of the fill around it. Another 
point to be considered is the dispersion of the hve load 
under the heavy fills. See also "Approach ^ab" under 
"Abutments", 

18. TEAIKrNG WOHKS 

(See also under “Irrigation*’) 

Training works wiU usually be necesaurj for bridges 
and caJvertfi where the waterway is contracted by the 
abutments or by the banks or where diagonal currents 
are produced. Training bunds ghoukl be parallel to tbo 
main current for a length upstream equal to the length of 
the bridge and downstream for yijth to ^th of this length 
The exposed ends of traming bunds should be curved off 
at an angle of 120 deg. to 140 deg. Ah obstructions in the 
river bed likely to divert the river current or cause undue 
turbulent flow or scour shah be cleared for a distance of 
not less than the length of the bridge subject to a 
nunjuiuni of 300 ft. both upstream and downstream of 
the structure. Attention should be given to ri'ver train-^ 
ing and protection of banka in the same length of the 
river. (I.R.C.) 

Win Crates and Mattressui for River lY&tning Worki 

Wire era tea for shallow or accessible situationa can be 
about lO in size. Where there is a chance O'f 

overtanung, the eratee should be divided into compart* 
ments. For deep and inacceBsible situations, wire crate* 
must be made smaller according to the situation. Wire mat- 
tresflea built in situ shoold not be larger than 25'x 10'X 2' 
or smaler than6'x3'xr Sides of large mattreaaea 
should be Becurely stayed at intervals of not more than 
6 ft. to prevent bulging. 
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Thf) 029 of thft nettmg vill dep^od upoa tba sizfl of 
thfi boulders Availabl«» For size of booMers S' muL 
6' mesh Till be reqaired tmd csa be made from No. 6 
iron 'nire. 11115 will ffiqmro spproidmately 
60 lbs. of win per 100 eq. For 6* bouldm (min. 
side), a 4' mesh or 6*x4' meeb eaa be woven witb No. 9 
win. This will also q«ed about 66 lbs. of wire for lOO 
sq. ft. Boolden of one foal average diaueier imd weigh¬ 
ing not lees than 80 lbs. are beet. 

Stone Riprap tor Fonndatiea PntoetloiL Stone for pior 
and abntnient preftection ahall range in size from the hea< 
vieet that can be handled and shall be graded from ocoiee 
to fme in such manner as to produce a minimum of vouls. 
When subject to ocean waves or heavy sooui^ specify 
atones from 1 to 6 tons. 


19. ECONOMIC SPAN LENGTHS 

The number of spans abould bo as few as posaible, 
paitkolarly m nwuntainoufl regioiis when torrential vo- 
looiti^ prevail, since piers obstruct flow of water sod 
i^tiply the difTrenltiee met with in the foandationa. 
ine moat eecnomical span length is when the cost of the 
su^mracture of one span is equal to the cost of one pier, 
^o following approximate ^-thnmb niles^' are gcne^y 
tak^ as a guide for dotorminizig the length of spans in 
smaU structures, where open foundatiooa can bo laM : 

S=^2Hormore. 

li»J K.L.C* slabs on maaonry piersi 8= U H, 

beam and alab on umagnry pars jS=lf S. 

where ■ truBa spans on masonry piers: 3=8 H. 

S=cleto ^ length in ft., 

height of one pier in fr. from the tmdeisido 
cjtww^tiOQ to its top, and for arches to the 
mtrados of the Icey-atone. 

oapeckHy in the material of construe* 

“'oaported over long distancses at heavy cost. 
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20 PREPARATION OF PROJECT ESTIMATES 
FOR BRIDGES 

(Babied on the uutruotions iBsuod by the Gonanltiiif 
Engineer (Roads) to the GoTemment Of India. See also 
under *‘Roads and Highwaya^d 

Tn the Report in addition to other descriptions reasone 
abonld bo explained for selection of the parHonlar eite for 
the crossing. If necessaiy, other typical croes-wetions 
of the etreazD at altematiTC suitable crossng places both 
npatream and downstream of the selected site should be 
endoeed. Poesible behaviour of the river and the velocity 
of the stream ahould be detailed. A separate note ehouM 
describe:— 

The reault of trial pita or bore holes showing levels 
of the various strata and the bard strata suitable for founda- 
tioo, and the intensity of pressure on the foimdaticHi sod. 
Trial pita and borings should be taken at least 1| to 2 
times the design depth. The estunated depth of scour 
with details of observations or any other spedat causes 
responsible for scour. 

Deri^ : 

The live load for which the bridge is to be designed 
should be detailed and the calculations for the design 
attached* 

Drawing ; 

The following drawings shonH be prepared : 

(a) Alt Mop showing the propoeed loeation 

of the bridge, and alternative sites^ if any} and also the 
existing and proposed communications. Topographical 
sheets can be utilized with scale 1 inch to 1 mile. 

(&J A Site Plan drawn to a suitable scale ebowing 
details of the aite selected and extending not lets than G(X) ft. 
upetream and downstream and oovering the approaches 
to a fiufficient distance. 

(c) A ConioHr P£aa of the stream showing all 

the topographical features and extending to the distances 
shown below npslaeam, downstTeom and to a sufficient 
distance on either side to give a clear indicatioia of all the 
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le&tttra th&t might influeueQ the locatuQ ■TMt A^gn of 
the bridge^ 

This ma^ be for 300 ft. for eatcbmoiit areas lees tbao 
one square mile, 1000 ft, for catchment areas of 5 aq+ oules; 
ia case of bigger catchiDent areas, the eurrey may be 
tended up to I oiile, (Scale 1 inch to 100 ft, for small ueaa 
and 1 inch to 330 ft, for large areas). 

Complete details about the oatchnient ares on wliich 
the waterway of a bridge and ite full deaigEi depends, are 
very essential, 

id} A Croa-Stetion of the river at the site of the pro- 
poe^ bridge. It should show; The highest £ood levels, 
ordinarj' flood level, low water level* bed level, the nature 
of the wLl and various strata down below the depth of 
foundations. It ebould be drawn to a sulflcie'iit distance 
beyond the edges of the stream. Suitable scale is not Ictf 
than 1 inch to 100 ft, horizontal and not leas t. hun 1 inch 
to 10 ft, vextieal, 

(e) A Longtludinal Section of the stream extending 
to about 300 to 600 ft, on either aide of bridge site and 
showing the levels described for the (woes-section, 
if) Boring Ckarie. 


21. GLOeSABY OF TEHBIS 
Abutment Pi ^—Is a heavier pierj and is usuaDy every 
ourth OT fifth per* built in an ar^ed bridgei (with aeries 
OT arwes) derngned to withstand hwvy u n b^l a n eed inclin¬ 
ed thrust from the soperatructum (if some of the arches 
givu way), 

caissons the chamber at the top 
of the shaft leadmg to the work and through wbidi men 
or matcnak may be ua^ed between the open air and the 
compressed air in Ae working space* 

I _Hi* ooncrcte, maaonry* stone* etc, 

phu^ (Hcc' a flo oring) at the entrance or outlet of a cul- 
™ prevent scour. 

It » ft^ ^ ^ Curtain IFott-- 

fiitr aMtrm nf ^ * s^ld Or protection against sconr- 

ing of a fltre^ (aa diatinot from a ret^^^wallh 

heincr fon^ lAenomenon Of the soil (quicksand) 

being forced mto the cofferdam, caisson or ui excavation 
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from under tbe bottom by the upward water pree^ure. 
This ifl caused by the greater water pressure on the out¬ 
side than on the inside. 

Bcwatring Girder —A girder coasbting of a curved rib or 
arch having a horizontal tension member arranged as a 
chord and connected to the rib by hangers. 

Bucide Plate PtoortTig ^—StecJ pUtee bent to eurred shape 
used for railway bridge flooring generally. 

Buoyancy—The loss in weight of a body immersed 
partly or whoUy in a fluid, due to the resultant upward 
prepare exerted on it by tbe fluid. 

Catchment Area —(t) The area drained by a water 
course at any section («) Area from which the raiqfali 
flows into (a) a dretnaj^ line at any specified section 
or (6) a reservoir. {I.R.C.) 

Catchntent Drain —A drain excavated on the upper 
slope of a hill rtsad to intercept and ooUeet water dowinfe 
towards the road. 

CavsetBag —Is a submersible anjaJl bridge. A paved 

dip in a rood acroea a ahalJow drainage ooarse, at or about 
the bed level, (ii) A paved road crowing at or about 
tbe ground level, a water logged or marshy aiea, (T.R.C.) 

CWha—The term bos two meanings. In Brid^ 
Engineering it is used for a temporary pier mode tn a 
river bed as explained earlier. jGi Highway Eh- 
pn^ng. cribs ore T sections made of precast R.C.C. 
which are assembled into a wall for retaining stones and 
rubble, as a retaining wall. (Not generally iwed in India). 

Cut-off WoH—A wail, collar, or other structure intended 
to cut-off or reduce peroolation of water oJong smooth 
Borfaces, or through porous strata. (I.B.C.) 

Deei BridffC —A bridge in which the coiriiigowray is 
built at or near the top level of the main supporting mem¬ 
bers of the superatructuro, 

JXfe—Earth dam or embankment. (Term oned 
generally in America). 

i>oipAtfl—Cluster of pOoi driven in water for mooring 
purpooes or for protectkm against floating objects. 

Dumtibea Pier— A pier oo(nsiiting*of two R ,C.C, colu¬ 
mns connected by thin RC.C. web lot their full hcighta 
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Fender A replAceable devioe for protecting struct nres 
from damage caused by impact from floating bodies. 

Flood Eecape —A (lowered) section of a road specially 
designed to permit the es^pe over it of flood water rising 
over a specified level, without damaging any road or 
bridge structures nearby. Same as Breaching Section. 

Flush Causeway—K causeway at bed level of a stream. 

Gorge—k narrow passage between hills. 

Guard Rail A side barrier or proctection consisting 
of a rail supported on posU to constrain traffic. 

Kerb /nlet—Apertures formed in a kerb to oonvev 
storm water to a gulley. 

Over Bridge k bridge that enables one form of land 
communication over the other. 


Pipiny—The flow of water under or round a structure 
built on permeable foundation^, which if not prevented or 
stopped will remove material from beneath the structure 
and cause it to fail. 


Ramp Bridge A temporary suspension bridge in which 
the roadway reeto directly on the suspension cables and 
consists of wooden planks. 

Rev^ment Material, such as stones, concrete blocks 

^ bottom or banks of a river 

to prevent or minimize erosion. 

, pn>u*^Eithcr water-bearing sand or verv 

*3 “P ’^thout support. (See 

under “Qmcksand” in Section 6). ^ 

Sinn /ricrioa—The frictional resistance of the surround- 
ing s^on surface of tl^caisson walls or the weU steening. 
litwi alignment of the centre 

^ ""ben the 

ahgnme^ is at an ^e, it is caUed Skew Crossing. 

bridge designed to nlZ normal 

♦ A ^ ^ugh Its vents but aUowed to be over¬ 
topped dunng high floods. «« w ne over 

lioe abore^thlT^fW^^ * bridge or culvert which 

seats, or below thm .rf below the superstructure 

or floorinff i. i—i “ which the carriageway 

or flooring B Bipportcd or mapemlad at thchot^ oY 
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the main supportix^ members of the suporstrueture. 

TnMle Bridge —bridge oompoaed of pilebeoU or 
towers carrying the deck. 

Trough FlooringSte»\ plates made in the forms of 
troughs used for railway b^ge flooring generally. 

Under Bridge —A bridge constructed to enable a road 
to pass under another work or obetraction. 

Vanes —Longitudinal walls usually built in oontinua* 
tion of piers to fan out the flow as desired. 

Vi^uct —Is a long continuous structure which oarriee 
a road or railway line a bridge oyer a dry yalley (instead 
of over water) oompowd of a series of spans oyer tiestle 
bents instead of solid piers. 

Water Cushion —A pool of water to absorb 

the impact of water flowing oyer a dam, chute, drop or 
other spillway structure. 

W^rtMy —The area through which the water flows 
under a brid^ superstructure is known as the waterway 
of the bridge. 



SECfTION 20 

estimating St QUANTITIES 


(For Water Supply and Road Works see under 
the respect ive Seotions) 

Page 

1. Earthwork and Excavation ... £0/2 

2* Mortara 20/3 

3. Concretes ... „ 20/4 

Lime Concrete ; Cement Concrete ; Rein¬ 
forced Concrete ; Prc-caet Cement Concrete 

4. Brickwork ... ... £o/7 

Brickwork in Lime * Honeycomb Bnck* 
work ; Arehwork ; l^jckwork in Cement; 
Reinforced Brickwork 

5. Stone Masonry 20/8 

0, Cement Concrete FI oota; Brick Floors 20/8 

7. Pointing ... ..,20/10 

8* Plastering ... 20/11 

Mud Plaster; Lime Plaster; Cement 
Plaster 

9. White Washing; Cement Washing; „ 2o/12 

Distempeiring ; Water Aaseaeinent for 
Building Operations 

10. Woodwork for Doors and Windows 20/13 

11. Painting ; Vamahing ; Oiling ; Coal Tarring ; 20/14 

Solignum Painting; Bitumen Painting 

12. Jack Airth, Roofing 20/17 

13* Allahabad TiJe Roofing **. 20/17 

14. C.G.I. Sheet Hoofing ... 20/18 

18, Lime-Stone Burning ... ... 20/1S 

16. Brick Burning ; Charcoal Burning 20/18 

17. Blasting ... 20/20 

18. Carriage of Building Materials ... 20/21 

19. Preparation of Project Estimates 20/21 

20. Depreciations on. Schemes ... 20/23 



la u Didmuy type of building the coat of materials 
oamea to about 6 <> per cent and labour about 40 per cent 
of tlie total coat. Labour Is divided as foLlowa ■— 

Excavation— 5% ; Masona—50 % \ Carpenters—40%: 
Sfivtiij—5%. The tr^ea ruclndo labourers Horkins with 
them. 

Further, the costs may be roughly, for a ingle storey :— 
Plinth 18%: SupHBtructure 27%; Flooring 8%J 
Goofing (flat) 20% ; Woodwork 17% ; Miscellaneous 10%. 
JVbte rtgarding Labour t 

The task work for artisans and labourers is Ibr 
Northern India and done under ^^oontrscfc^* conditions. It 
is generally considered that tabourers in the other parts of 
the country uauaUy put in less work f which may bo as 
** only half}. If women or boys are employed* tho 
figures ehould be Increesed acoordiBigly+ Etimates for 
labour are always approximate. 


I. EARTH-WORK & EXCAVATION 
One labourer does in one day about ICO to 150 c.ft 
o^eicavation in ordinaiy soil (from moderately hard to 
soft) with lead* say about 50 ft-* and dressing. This 

^rr X* . ^ 'he borrow pit to tho bank. 

(If the ba^ » above 5 ft., lift ^ill be depth of pit plus 
neignt of bank and this will involve extra labour.) 
^bour involved in lifting a load through one foot height 
IS ^en equal to travclliiig a horizontal distance of 10 ft., 
and in some provinces 12.5 ft . 

Bard-day ; That must be excavated with a pick 
and cannot be remoulded in Gngere, 

Mtdium-ctay : That can be excavated with epade 
and remoulded with difficulty* 

So/t^iayj That can be excavated with shovel mid 
®*®ily remoulded in fingers. 

ditioM^will^l^™ ^ following soils under above oon 


In soft moomm or hard earth 
In hard moorum 
In soft rock 
In hard rock 


75 e.ft. 
35 c.ft. 
20 c.ft. 
IQ c.ft. 
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Earth when dug from a pit incr&sefl in bulk by about 
25 per c«iat,^ sand and gravel 10 per cent., sand 20 per 
cent^ chalk 30 per cent. ™ 

The follow ing aUnwanees shaU he made in profilea of 
embankmentg for aettlcmeut of fresh eart h : 


Compact earth fill 
Loose earth fill 
Black cotton aod 


1 ' to 1^" per ft* height. 

If" to *2f* per fit. height, 

3 to 3** pet ft, height. 

(AJao eeo under ’^Embankaaents" in Section 17). 

2 . MORTARS 

Pm^rtions of mortars for varioita types of works are 
giv<ufl m Section 1*2. Dry mgredieata when mixed together 
are 1^ m ^lume than total volumes of all the ingredienta 
tog^er* The volume is further reduced when water ia 

In the case of lime mortars* the volume of wet 
mo^ IS about two-thirde the total volume of dry in. 

3 ^ aurtS will 

make about 2J to 2f c.ft. dry and If to 2c.ft.ofwet 

1 r ® produce 81 c.ft. 

of dry max and 6 e.fl. of wet mortar* TJaually lOOe ft of 
dry mixed mortar a taken to make only 70 c*ft. of wet 

LUUf lAa i« 

Mortars 

Quantity of cement and dry sand per 100 e* ft. of 
mortar :— 


Mix. 

I ; 1 


3 

4 

5 
fi 
7 
S 
ID 


Cerntm in cwti. 

Saadtfi. ! 

4 £t ,5 fo 52.5 

to 

1 S 4 .S to 3 SJ 

95 1 

34.5 to 27.5 

too 

I ]B *5 m 2 D.D 

LOO 

lE.Dm 17.0 

100 

[ 3.9 to 14.5 

100 1 

12.0 to 12.75 

100 k 

lOy to 11.0 

IDQ * 

6.0 to 6.5 

LW 


Tlic quantity of Ccnimt 
vanci U). tbc 

A^csi of the nM Used. 
Fine tmndt Ekeed nwrv 
cetneot. Well gradnl iwi^ 
need much Lett csqeiu* 

1 C.O. of next 
prodbicc D,B7 
ctwxEit puic. 


win 
it. of 


Water alao oecupiea space. 
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(See also 
Concretes”). 

Lime Concrete 
Mal> rials 


3. CONCRETES 

Section 12 under ‘*Mixtures for Mortars & 


per 100 c. ft. of finished concrete :• 


Ballast 1*”—110 c. a. 
Wet mortar—37 c. ft. 


3Iason 

BhUtie 

Labourers 


Labour 

Materials 
available at 
site of work. 


40 c. ft. 


Dry mortar : 
kankar lime 
or 

white lime 
sand or surkhi 34 c 
or 

white lime 18 c. a.”^ 
sand 18 c. 

surkhi 18 c 


4j si 


17 c. ft. "I 

34 c. a.J 

s. a.i 
j.a. I 
5. a.j 


Breaking brick meted: 

30 to 40 c. ft. per day by 
one man, T' to 1 size, and 
20 to 25 c. ft. 1” to 1'' size. 
800 to 1000 bricks give about 
lOO c. a. of brick bats. 100 
0 . ft. of brick bats make 
about 80 to 90 c. a. of brick 
ballast. About 1100 to 1200 
bricks make about 100 c ft. 
ballast. (9” bricks are consi¬ 
dered.) 

For concrete over jack-arches, 10 per cent, extra 
mortar should be used with aggregate of to size. 

Brick ballast must be soaked well in water before 
mixing. 

Cement Concrete 

4.3 c.a. 1 ; 2 

5.0 c.a. 1 : 2\ 

6 8 c.a. j : 3 

7.5 c.a. I : 4 


Ramming reduces tbe volume 
of aggregate. 


1 c. a. of loose cement will make:— 


4 concrete' 

5 concrete 
: 6 concrete 

7 


>. Approx. 


•‘All-in” 

Aggregate 

Cement, 

cwt.or 

C. ft. of com¬ 
bined aggregate 

Man ooocfctc 

•1 : 6 Mis. 

1 

7| 

All combined 

It® „ 
1:10 , 

1:12 . 

1 

I 

10 

aggregate t® 

12i 

past a 2-in. ring 

1 

15 

and to contain 


will be about 1 : 5. 


segregate b not tbe ume a* 1 : 2 : 4 mis. adikb 
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Quantititts of materiali required for variou* mixes for 
100 0 . ft. of finished concrete :—(Machine mixing) 



Mix. 

Ccsncni in cwts. for 

Dry und 

Aggregate! 

Labour 

Mas work 

1 Broken 
' Stone 

Shingk. 

Gravd 

c.ft. 

av. 

c. (t. 
av. 

Mason 1 

I .MlMmrgrs 4 
Bhistie 1 

1 

1 : 2 

32.0 

305 

40 ^ 

80 

Onebag of 

1 

li: 3 

22.1 

20.6 

42 

84 

cement b 

1 

2 : 3 

21.0 

19.8 

52 

78 

110 lbs. 

1 

2 : 4 

1 174) 

15.9 

45 

90 

net (tl2Rn. 

1 

21: 5 

i 14.8 

14.0 

46 

92 

lea 2 lbs. 

1 

3 : 6 

1 11.6 

10.8 

47 

94 

for weight 

1 

4 : 8 

i 8.7 

80 

48 

97 

of thetack) 

1 

5 : 10 

: 7.1 

6.6 

49 

98 


1 

6 :12 

6.0 

5.5 

50 

100 


1 

6 :I8 

4.2 

3.8 

3 - 

108 


I 

9 : 16 

5.2 

4.8 

59 

106 



Cement should be measured by weight. If mixing 
is done by hand, add 10 per cent, extra cement. 

Volume of aggregate is reduced by ramming. (>ment 
concrete is not rammed heavily (see under Section 8.) 
Crushed rock or broken stone need more cement and more 
sand. Fine sands need more cement. ell graded sands 
need less cement. 

Mechanical mixers are denoted by their drum capacities 
for dry ingredients and mixed concrete. By 10/7 capacity 
mixer means 10 c. ft. of dry ingredients will produce 7 
0 . ft. of sret mix. 

Very approximate figures of the quantities of ingre* 
dients of concrete may be obtained by considering the 
volume of all ingredients at 1 ^ times that of the resultant 
concrete. 

Comparative costs of cement concrete in foundations, 
per 100 c. ft.:— 

1:4:8 mix. Rs, 83.00 ; 1 : 6 : 10 mix. Rs. 73.40 ; 
1:6: 12 mix Rs. 67.45. 

Breaking Stone Metal : 

One man will break about 20 to 30 c. ft. of stone 
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meUl rjto gauge ; 4 to 6 o. ft. J'" to |" gauge ; 2 to 
3 c. ft. J* to I' gauge according to the hardness of th® 
stone. (Brick luetal has been given under TJm«t Ck>n> 
Crete.**) 

Broken brick or stone metal when re-stacked and 
measured may show a difference in volume up to 7 per cent, 
while gravel and shingle may differ by as much as 10 per 
cent. Metal loaded in a railway wagon settles down due 
to jerking during transit and will show a leaser quantity by 
about 7 to 12 per cent, when re>mea8ured. 

Reinforced Concrete : 


Take about 4 lbs. of reinforcement rods per c. ft. of 
concrete where only simple tensile bars are used. This 
quantity will be about 7 lbs. per c. ft. where stirrups, 
transverse and shear reinforcements are also to be 
included. 


In estimating the quantity of mild steel rods (where 
fe** required) add an allow'ance for both side 
hooked ends as und^ 


Dia. of rod 

V 

r 

ill*' 

r 

r 

I' In* 

ir 



Allowance . 

5' 

7* 

10' ii2' 

14' 

16' 

18' j22' 

25' 


Add for extra la^nr say, about j smith for the rein- 

forcement work per 100 e. ft. of concrete. And cost of soft 
iron bm^g unre. 14 or 16 gauge, at the rate of 15 to 12 
lbs. per ton of bars. 


Labour for CuUing and Bending rode : 


^ ^ ewta. one man per day 

, pe*" day 

* ^ cwts. one man per day 

required and extra labour for the 
bTabout ^ 




Masons 4 

Carpenter ^ y 
Lobourers 10 J 


ffiie charges for forms and cohinin 
bnclu for supporting the forms 
should be added. 
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Pn~caM ConertU works fin steel moulds) ; 

Hollow blocks in hand machine : 

1 mason and 2 labourers will make about 120 bUxdcs per 
day 

Paving flags— 35 noe. ; Roofing tiles— 100 nos. 

4. BRICKWORK 

B ri ck work in Lime : per 100 o. ft. 

Materials ; lexbour 


Bricks—9* (••) ^ standard sise—1350 to 1400 nos. 

(inclusive of wastage) 

Mortar, dry 

(Hme, surkhi, sand, etc.) 33 to 40 c. ft. 
or 

TCunkar lime 25 c. ft. 

(a) Honey-comb brickwork requires about 2 o. ft. of 
mortar and half the labour, per 1(X) c. ft. * . i 

(c) Archwork requires double the labour of simple 


Bhistie 1 
Labourers 3 
(excluding 
scaffolding) 


work. 

(d) For well steening work, if cut bricks are 
mortar will be 33 c. ft. but when special moulded bricks 
are used mortar required will be only 25 c. ft. 


Brickwork in Cement: (Quantity of cement re> 
quired in ewts. per 100 c. ft. of brickwork in cement/sand 
mortar with 26 c. ft. of mortar. 


1:2 

1:3 

1:4 

1 :5 

1:6 

Add 10 per 

w 

6.3 

5.0 

) 3.8 

3.2 

L 

WSStSfC 


Labour—3 masons and 4 labourers (excluding scaffolding). 

Comparative cosU of Brickwork in Superstructure 


(*) Masonry in mud mortar—R«. 56.70 

(••) Ditto, with jubiface in I : 3 cement—Rs. 63.80 
(••i) Ditto, in cement mortar 1 : 7—Ra. 80i) 

(ic) Ditto, in cement mortar 1 : 6—Rs. 81.70 
(r) Ditto, in cement mortar 1 I 3—Rs. 90.0 
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Eeififdrced BricJnvork : per 100 p, ft. 

with cement mortar I : 3 in joints (Ewf Slabg) 
MateriiU f i^^bour 


900 new. 
IS c, ft. 
« c. ft. 
6 cwts. 


Masona 
Bhistie 
labourers 


for 


on 


Bricks 0 
Cement 
Sand 

Steel fapproi.) 

If the work is for slabs or beams, add extras 
formwork as detailed under Reinforced Concrete. 

^ ith cement concrete 1 : 2 : 4 in joEnto snd U' 
top of slab, per 100 c.ft* of work {fesed on tiuok slab) : 
Bricks 5QQ jjjjg 

Cement concieta 70 e ft 

Add for forms and steel etc. 

5. STONE MASONRY 

; pr 100 e. ft. of fijiirted work ; (Appro*.) 

(t) Uncoil rse<l rubble masonry 

/-k and 30 to 35 c. ft. wet mortar 

(h) Cnarsed nibble 

(m) '■ ““ •“ 

110 c. ft. stone and 0 to J5 e. ft, wet mortar* 
Quantity of mortar is according to height of couiaes. 
Stone measure^l m looae stocks, * 

L-bour :-l mo*on. 1 Bhistio and 1 labonror : 


Diy stone mossonry 
Uncoursed rubble 
Coursed rubble tst class 
Conrsed rubble 2nd class 
Coursed rubble 3rti class 


0^ 0. ft* per day 
30 
12 

1ft " " 

25 


Complete 
job indud* 
ing dress* 
ing. 


Add to all ittma e*tra for scaffolding end heighta. 
6. CEMENT OONCBETE FLOORS 

(a) 1 : * ; *—H" thick —per 100 iq. ft. 

^faterial» , 

Cement 2.8 c. ft./2.S5 cwta ^our 

S'!o f/ ! ' 

Gravel lift! ft I i 

Bhistie i 
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12 

9 c.ft. 
2 o»fl* 
4 c.fU 
2 c.fl. 


(6) 1:3: 6—If thick floor ifith thick ti caring 
fiorfacc on top of floe gnt 1 : 2. 

(i^ Gravel for li" bottom layer, she i" to I'* 

Sand 
Cement 

(u) Grit hue I" and less foj V' top layer 
Cement 

[«) For marble chips flkwring J' thick (top): 

Chip.!'grit, .. -• 2c.a. 

Coloured cement - * - ■ ^ 

(d) For red oside ooiour floor top 1' layer uw need 
about 10 Iba. nd oiLde per c.a* of Joom cement- 
Weight of colouring pigment used m excesa ol 
cent, of the weight of cement reduMS the sfarength of 
mortar. Wliere the strength will not matter, a m^. 
portion of \ eolourii^ pigment- to 3 of wment can 
and the proportion ahould not be less than ^ 
iron floats should not be used on coloured n^r9. ^ 

Carborundum stone is used for polishing » 

they arc of: coarse, medium and fine grades. 1 
and 3 parts tarpentine are well rubbed over the floor fo 

hi^b cLiksfi poiiah^ <k 

The following matorials are Te^^ui^ed to treat about 

300 aq. ft- of flftor surface ,— 

e oz. becflwai; 1 pint turfientino ^ 4 oz. pigment- 

See also Section S* 

Brick FIcor* : per 100 sq- ft- —0' bricks. 

(t) Flat—3' thick with pointing : 


Labour 
Mason } 
labourers l| 


Bricks— 35fi nos. {without wastage) 
or 380 nos. (including wastage) 

Mortar— 0 c-ft. 

(ii) On Edge—4^' thick with pointing : 

Bricks— S33 nos. (without wastage) I Ma^n 

or 550 nos. (incloding wastage) I Labourem 

Mortar— 13 c.ft. 
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(A) Rat bhct floQTiog—Jointiag in cemcmt morUu' 
1 1 6 and duih pomtiog in oenuut mortar 1 : 3—Quantity 
of cement required cwt. per |00 eq. ft. 

Comparattre coots of floom, per lOO nq. ft. 

[ij I|"' thick cement concrete J 1 2 : 4, over 3’’ 
cement concrete 1 : : 10* over ®* sand fiUins— 

Ra. 46.60 

(*'0 1' thick cement concrete 1 ; 2 : 4, over 3' cement 
concrete 1:6: 12, over 44' sand filling— 
Rs. 40.20 

(ill) I' thick cement concrete, ditto.—Rs. 33.00 

(i») 4' thick cement concrete 1^2:4, over 41' brick 
on edge, over 3' sand filling—Re. 30.30 

(if) 1' thick cement plaater 1 : 3, over 41' brick On 
ffdge, over 3' sand filling—Re. 34.80 

(it) 1* thick cement plaeter 1 : 3, over brick-tjate well 
rammed, finiahed thickness 4'—Rs. 22.70 


PODiTlHG 

Cement Pointlu^ : 

(a) Cement required per 1000 aq. ft. of flush pointing 
on walls :— » ^ 



1 t ] 

t :2 

1:3 

LMi^ 

CcxDmt 

6.0 c. ft. 

5.0 c. ft. 

3.8 c. ft. 

Mucxit 

3 

SbkI 

a,0c.ft. 

10.0 c,ri. 

U.4C.0. 

BhUtie 

Likboufcn 

1 

4 


This mclades for raking joiots ami watering, ete. 


wCf 'll!? Inquired aiU be 60 per cent 

more and labour about 1 more, 




^ne sand is iisci'i for pointing. 











£ST1MATINC ft QUANTITIEI 


ao/ii 


Lime Pointliig : 

Mortar required is about JO' e.ft. wet for Ousli pointing 
and 20 d.ft, dry or 15 c.ft, wet for tuck and rule pointingp 
per 1000 eq* of wall surfai^. Add 10 per cent for 
Wastage. 

Proportions of mortars are given in Section 12 and 
also in S«tion 7 ^ 


». PLASTERING 
(See also under Sections 7 and 124 




Mad Plaster : 1 * 

IfoteriaJs 

Mud 

Bhusa or straw 


thick per 100 sq* ft. 

Labour 

lO tft. Mason 
Ic.ft, Labourers 


k 


m 


Lime Plaster i i' thick per lOO sq. ft. (one coat) 


Matirialt 
Dry mortar 

(limSp surkhi) sand, etc.) 6 c.ft. 

or 

Kankar lime 5 c.ft. 

Chopped jute or hemp 4 02 . 


£a6<Mir 

Mason i 

(fougiiwork) 
Mason I 

(fine work) 
Labourers 2 

Bhistie i 


(e) Cement Piaster t 

Quantity' of cement required per 100 sq^ ft>, in. cwts, : 


Cement'Und 

1 :2 

1 :S 

1:4 

1 

1,5 1 

1 :0 

I'lhick 

' 

t.l 

aa 

0? 

0.6 

« 

SC? 

i.e 

ij 

in 

Ofl 

0.6 

2.4 

1.9 

L4 

l.l 

08 

L3 

26 

2.0 

L4 

... 


ComparatiTe coats of Plastering per 100 sq* IK 


(f) Cement.-sai>d mortar I « 
(lij Ditto. t* 1 i Sfc 

(nil Ditto. pp 1 ^ 

(ivV Ditto, I 1 5 , 

(p) Ditto. w 1 ^ 0 , 


I' thick—Ra. 10,20 

4' thick—Rs, 14.00 

4 ' thick—Rs. I2.W 
4 * thicic—Ra, 12.00 
I' thick—Rs. 10.30 
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(tij Cement-LuD^-Band mort&T 1 : 3 : lO, J' thick 

(e«) Ditto. „ I;3:10, |'thick 

t —i T-.-XX —Ra. 9'*fl0 

(«t0 Ditto. ,, 1 : 3 : 13. J' thick 

—Rb* 10.00 

9, WHITE.WASHTNG 

(SpeciiicatioiM tie given ;n Section 7.) 

1 coat 3 lbs. white lime unslaked^ Per 100 sq. ft. 

2 ooata 5 IJm, ^ of 5ur£t« 

3 coata 7 lbs. „ J 

♦ 1 ^ desired at the rate of I ox. 

5 Jbe. of linift. Rice water ia also used instead of gum. 
A httlo quantity of indigo (blue wlour) is added to kill the 
glaae. (Sec also under Section 7.) 

Lab^r : One man should be able to dq about IflOO 
sq* ft. of surface, one coat, 

SMI lime is siso used iasteid of white lime when 
ava liable. 

Cement Washing 

man will do 500 sq. ft. 2 coato inone dave 
[Specifications are given in Section 8.) 

Distempering 

(SpcciheatioriB are given in Section 7.) 

I_ 2i Iba. ) PerlOOsq.ft. 

2nd uu] subsequent coats i) lbs. f of aurfa®. 

Add primer with 1st coat 4 gall, ^ 

Cost of labour will be about 3 tirnftR 

Water Ass mm cot for BuUding 0{M^»ttmts 

Brickwork, masonry and concrete @ Uoo gall/100 c. ft. 

@ ITS gali/lOO sq. ft. 

wv. *.bm . ® li»B»Uil00sq.ft. 

Whltcwoshmg per cout @5 
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JO. WOOD.WOEK for WORS AND WINDOWS 

Sizes of fraMca are given in Section 9. 

Sawing of planks from logs of wood has not been 
taken in the labour itema as planks are now available 
ready saaTU Quantity of wood inclndes for wastage. 

Labour items are for softwood. 

Add extra for fittings. 

(a) 2 " thick panelled and gb®ed door with frames, 

4^xr 

Wood 5J 0 . ft. (inqliisive of frames) 

Labour : Carpenters 4 ; Glazier I l Labonrert 2. 

(u) Ditto, all panelled 
Wood 7 e.ft. 

(b) 14" thick panelled and glared door with frame 4'X7':— 

Wood 5o.ft. 

Framo 1.7 c.ft.+Shuttore 3.3 o. ft.=S c.ft, 

(ii) Ditto. all panelbd 
Wood 6 c. ft. 

(e) 14" thick wire-gauze door with ftama 64*X4'. 

Wood 4,0 c.ft. 

Wire gauze 13 sq. ft. 

Labour : Carpenters 3 ; Labourer 1 

ffij Ditto, ahuttera only : (without frame) 

Wood 2.7 c.a 

If hardwork (teak) ia used, the thickness ea® be re¬ 
duced to 1' instead of 14 % which will reduce the cost 
(material plus labour) by about 15%. 11' will reduce the 

cost by about &%■ 

(iftj Ditto. 2" thick, ditto. 

Wood 3.0 c.ft. 

fd) Ii" thick battened door with 1" braces, complete 
with frame 0^' ^34' : 

Wood 5-fi c-ft- 

I.ahour : Carpenters 3 ; Labourer 1 

(iil 14 " thick, ditto. 7' x4" (rebated) 

Wood for shutters only 5.2 o.ft. 
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(iii) 1" thick ditto., 6'x3' (butt jointed) :— 
Wood for shutters only 2.5 c.ft. 


* thick, Venetian doors and windows : 

Wood—about 18 c.fi. per 100 sq. ft. area. 

Labour : about the same as for panelled and 
glazed doors. 


if) 1|'* thick glazed windows 4'x5' with frame :— 


Wood 3.4 c.ft. 


Carpenters 

Lalwurers 

Glazier 


3 

2 




{g) Jafri or Trellis work : per 100 sq. ft. 

Wood about 7 c.ft. (inclusive of frames) 
Labour : Carpenters 3 ; Labourers 2 


(A) Framing labour 3 c.ft. one man per day 


(•) Joinery (hardwork) IJ „ ,, 

4 lbs. of putty is required for 1(XX) sq. ft. of glass panes. 


11. PAINTING 


Ready mixed paints : 

Per 1(X) sq. ft. on wood-work :—(Approx.) 



New arork 

Old worit 

In coat . 

2.8 Iba 

1.9 Iba. 

2 od coat .' 

1.8 Iba. 

1.8 Iba. 

3itl coat . 

1.7 Iba. 

1.7 Iba. 


Proportions of Paints in lbs. 


Type of mrfacc 

Paint 

Boiled 
linaecd od 

Raw 

liiueed oil 

Turpcmine 

Outiide work 
losade work 

112 Ibt. 
112 „ 

16 Iba. 

22 

-- 

28 Iba. 

22 „ 

5 4 lbs. 


Red oxide paints for iron-work will be about *_ 

2.5 lbs. for 1st coat 
1.8 lbs. for 2nd coat 
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F&LDtiiig In}n work according to Railways Specificvtioiia:— 



Red 

Irad 

Red 

oxide 

Double 
boticd 
bnired Oil 

R«w 

limeed 

oil 

Lamp 

bUck 

Corvering 

empaciqr 


Ib^ 

Ibi. 

SxLl- 

gall. 

Ibe. 

sq. fc. 

la emt 

2B 


I 

1 


1200 

Zod coat 


iz 

1 

i 

i 

1300 


Turpentine Is not added for painting majmiTO stnic- 
turea such as girders of bridgeax 

Anti-comiaaiTe paints made of tar are available for 
iron Works under water. 

Labour '—One painter will do about 500 to 700 sq^ ft. 
of surface per dayj which can be up to JOOO aq. ft, if the 
surface is of iron sheets and the paint is rtirmlng freely. 
For more difficult and careful work, such as doors and 
windows, a painter might to do only about 200 cq. ft. 
a day. 

To the above costa of paints and painters, labour 
required for scraping old work, (which might oome to 
about the same wages as of the painter) and for brushes 
and sundries, etc., which wifi oosr about 1/15 to t/20 of the 
coat of labour and material, should be added, 

(5) Esiaiiicl Paint* : Will oorer about 55 sq. ft. of 
surface with I lb. of the paint. 

(c) Addition* over plane aairfaceB for paJnting I 
In measuring up painting, mouldings will, unless other¬ 
wise stated, be measured by running the tape into and 
over all elevatuns and depreasloiia ; doors and windows 
will be measured flat overfall including door frames, and 
the area multiplied by tbe folbwing facbors: 

(i) According to Madras P.W.D, Sped Heat ions : — 


panelled or battened 


times one side 

Panelled and Tcnetianed 

n 

tP 

Ditto, with glazed top 

3 

Jt 

Iron barrefl doors 

1 * 


Ditto, with battens and sheet 

31 

ri 
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Batteoed windows with iron bars 
VeoetLuied windows 
Ditto^ with iron bars 


2| 

3i 


4 


Ditto^ with g:]azed top and iron bars 4| 
Ditto, with iron bars and gloss shutters 5 
Glazed windows with iron bora 2 


2 


IJ 


Ditto, without iron bars 
Glazed shutters (meaffiired 


H 


over shutters only) 


(li) According to lha Fonjob P.W+Dh. Speeideationa :— 
Ponelkd or battened 2 times one sid 

GLozod or partly glazed 2 ,, 

Venetlaned and louvred 11 , 

Wire-gauzed 1 

Grated | ” 

Plate gloss windows (large glazed area) 1 
TrelliB work 2 

*' ti 

The above additiona are made where there is only one 
Mt rate for all works, in view of the extra labour and caJW 
njvolved. 

Percentage addJtiaiia for pwiating roof anrfacea i 
Nanital paitem using Jlof shuts : 

Pointed before erection 16 per cent 

Paintod after erection 12 per ejent 

As for aboot using corrugtxted shuts ; 


Painted before erection 
Pointed ofter erection 


30 per cent 
25 per cent 


V Omt atiln y 

thrie( 




(wiiA tins^sd oil) 
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Cool Tarriitg ; (Wofxf-tefirJ;) pef 100 aq. ft. 

One coftt 5 lbs. ) Add cost of koro^ecio oil, etc^ 
Two coata 8 Iba. i FnpaFe tar actcofdi&g to >ped- 
ficationA given in Section 12. 

Sol^jAwm Pkdatiac : per 100 tq. ft. 

One coat } gall. Two ooaU ^ gail 

Bitomen Palntfaig for Roof SwrCace* or Damp-Proof 
Coarcea. etc. 

25 Ibe. bitumen 7 Per 100 aq* ft. of surface 
2 o.ft. sand j 

12. JACK AECH ROOFING 

Pet 100 sq. ft.—ij' thick 
Bricks 550 nos. 

Concrete for haunches 50 c.ft—| ' gauge. 

CaLculatfl quantity of cement, sand, ballast etc., and 
also labour from respective items. Add extra for centring. 


13. DOUBLE ALLAHABAD TILE ROOFING 


'niee required per 100 sq. ft. of roofing :— 


Flat 


220 noe. 

Half round 

■ ■ ■ 

110 „ 

Semi-hexagonal 


11 <> » 

Ridge 


10 „ 

Ridge semi-hexagonal 

10 „ 

Ridge elbow 

a.. 

6 „ 

Eaves ... 


10 ,, ' 

Ventilator 



Add—lime eoncrete 4 0 . 

a. 


105 noi. 

105 noe . 

ail 

For singb tiling. 


For Mangalore Hies, see Section on "Rdo&'\ 

Labour D.A. Tiles Jf, 

Tile Layers 2 £ 

Mason 1 

Labourers 5 2 

Carpenter (fixing roof battens) i | 
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14. C.G.L SHEET ROOFING 


MaUrtali ptr 100 tq. fi. 


GJ. Bh«t, 8^X32' 
Limpet washers 
G bolta and nuts 
Acre we 

Iron for hwfc bolts, et^!. 
15. BLUKING 


Lainrtir 
fi noa. Carpflnt-er 

1 lb. Smith 

{| ,, Labonrers 

3 ,, (wood-work and 

3 rid^e is extra). 

LIME.STONE IN KILN 


1 

1 

n 


100 c. ft. of Limestone or kaEikar when burnt will pro¬ 
duce about 80 e. ft. of burnt material and 1(M> c. ft. of 
burnt material will produce about 82 e.ft. of ground lime. 

Limes have varying properties. See Section 12. 

10 to 15 mnunds of coal or coal duat, or 30 to 40 
maonda of fairly dry wood will bum about 100 c.ft. of lime- 
stone. (This quantity ia very variable ) 

16 . BRICK burning (Brict Xifn) 


Abcmt 20 tons mds.) of coal is required to bum 
one kkh bricks, O’' size, in Bull t3rpe kiln, (Quantity of ooaJ 
required for buming la very variable and depefida upon 
the climate, soil, mou^ure and the sub-soil water level. In 
dry climates, where the sub-soil water level is low, 13 tona 
of co^ hu been fouml sufficient ; where the sub-aoil wstef 
level 13 high, a quantity aa high aa 24 tons may be re¬ 
quired, Sandy soils oko need more coal.J 

Where wood is useil instead of eoal, the quantity 
vuica from 500 mils, to 1000 mds, depending on the wood. 
U the wcmI ts made into amall pieeeSp leflaer quantity will 
M requir^l, I5i00 mds, min*) Tamarind or Babul is the 
beat wood for burning. 

About 5 J| tons of coal is required for starting the firing 
ol a [i.wail kiln and about 8 tons for a 24-w*ll kiln* For 
top bring good coal duat is required* Where wood is oMd 
the qi^tity required ia about 300 to 400 mda, for a 14- 
of a ai^l ^ of wood is required for first firing 
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About one ton of coal is required for burning 1000 c.ft. 
of surkki. 

Slack or dust (not very fine) of steam coal is con* 
sidered best for kilns and need not be of a very good 
quality. But the percentage of first class out-turn u 
greater with wood than with coal-dust. Coal with '‘shining 
surface is preferred. 

About 100 c. ft. of clay and 3 to 5 c. ft. of sand is 
required for making 1000 bricks. 

It is not economical to bum lees than 6 to 7 lakhs of 
bricks in a single kiln. The ki^ is generally elliptical in 
shape. typical economical sixe is : 

I^ength—200 ft. 

Width of each trench—26 it. 

Gap between trenches—15 ft. 1 r n \ 

(This will give a radius for the semi-circle of 33 ft.) 

Depth to have 16 to 18 layers. 

A small sixe circular kiln with 3 lakhs capacity is 

Outer dia.—73 ft. Inner dia.—48 ft. Trench—25 ft. 
wide. Depth—7'-6'. 

Sixe of the Chimney : 

Bottom—8 ft. X If ft. 

Height of lower part—8 ft. 

Width at top of the lower part—3J ft. 

(8 ft. reduces to 3| ft.) r 

Height of upper part—22 ft. for big sixe (15 ft. for 
small sixe). Total height of chimney is 35 ft. 
When two chimneys are used they are 25 ft. high. 

Top sixe—IJ ft. dia. 

Lower part of the chimney is generally made of 12 
gauge sheet and can be used for two kilns, uppCT 

part is generally made of old tar drums. Chimney 
mounted on a cast iron base plate on ^ 

which radiate so that they travel round the kiln walL 
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Approxiitiate Matenai and LaboaT re<]mped for Manu- 
facturmg 10 lakh bricks—&' siae. 


MattnaU 


Moulding boxes 

Flat wooden piooeff for above 

Sand 

Chimaeya with drum and sheet 
Feed bole covers < . 

C J, aheete 7 ft. long 
Fuel ai-ood for firet meUing . . 
Steam eoa) 

Dust coal ^ 


20 009^ 

20 noe. 
JOO o,ft. 
2 am. 
30 nos. 
IS noa. 
10 mda, 
8 tona 
i tons 


^rth should be kept heaped up for seaeoniug for 4-6 
da3rB before moulding*? to 15 days are required for drying* 

Sundrits i 

Coirt of land ; Royalty for taking earth ; Carriage of 

w^r and^^of tube well, etc*. Drums, Tina. Baskets, 
Kope for chimney 300 ft,. Bamboos. 

Labour : 


Moulders 
Uwling in kiln 
Cnloading and stacking 


6 per 1000 bricks 

3 


4 firemen, 2 labourer. 3 loaders. 1 mate and 1 Mistry, 
all for 3 months. 

dsarcoal Bumlng 

100 mauji^ of fuel-wood make about 20to 25 maundf 
of charcoal. Wood is heated with a limited supply of air. 

17* BLASTING 

cit ^nSck^Md^ I about 70 

n^ ab^t 7 b^ts about half of thia. It will 

6 ft. of fu» .nd SI 


EfrniATiNo ^ ^uANxmEs aofa t 
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MatcriaJ 

Load for p twi^ 
bullock cart 

Loadlbr asix- 
wbRler motiK 
tnwk 

Bricks 9' 

200 to 2^ sot. 

- 1 

2000 DUS. 

M*Bgslofc itlea 

250 00. 

*« 

ISOOoM. 

Mangalore ridfe tile 

IWnca. 


1500 SOL 

Brakes xtooe ... 

12 10 15 CL ft* 


I 2S c. ft. 

Moaram 

I6c.fl. 


150 eft 


Iftc-Jt 


ISO tfi. 

GrainJ or B^|ri 

12 to IS t ft 


125 c. ft. 

Kenkarlime ... 

12 c. ft. 


ISO c. ft 

Slaked lime 

IS (010 c. ft 

... 

150 c.ft. 

Stont boulden 

lOtlt 

*** 

IM c.ft. 

Inac 

I2cwti. 

1 

... 

6 (Ofu 


KoU; 


O') Th9 kuda grven Ato only approiiinate and will 
vaiy acoording to the carriage capacity of the vohidfl* 

(ti^ The aTerage load for a two-bnUock cart may be 
taken about 1400 Ibo. for short distanooe and about 1000 
Iba. for long distance (say sboTe ^ miles). 

{in) For motor trucks the Joad ahonld bo according to 
the carriage mpacity aa approved by the Transport aatho- 
ritiee. Loading^ unloading pins traction time should 
be taken for calculating nnmber of trips. 

Distance and tripa a bnOock cart makes in a day:— 


Dittanca 

No. ctf tripa i 

Duance 

No. of tripa 

Up to 1 mile 

« 

If to 2l milA 

2 

j to 1 mift 

7 1 

2| to inilia 

Li 

1 to 1 mik 

5 

Sf to 4| mild 


i to LI miln 

1 4 

41 to 51 roilci 

4 

11 to llmiks 

f ^ : 

Sf to 8 mils 

i 


A truck takes about one hour to load bricks and | hour 
to unload with 0 Uboufen on job. 

Ifl. PREPA3UTION OF PROJECT EOTMATES 


Papers to be submitted with a pro^t estimate for a 
work will generally consist of the following:— 

(n) A report detailing scope of the work. 
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The report should contain the follDwing^— 

Reference of the authority ordering preperat ion of the 
estimate and other oorreepondence on the subjects 

PreviouH History of the cose and the work; aoope of the 
work; coet how to he finaoced. The object to bo gainpl by 
the execution of the work ; explain any unusual feat urea 
which require elucidation* 

The reoeon for adoption of tile pm^t or design in 
preference to others, 

Ayailability of matorjal anil labour ; agency for work 
and time for completion. 

(h) 3pe£iJicatioa and Dr^tt 
Reasons why particular design chosen. 

Attach calcuUtiona for the deeign. 

Relative costs of materiale. 


(c) E^ditnaif giving detaileil statement of measure* 
menta and quantities. 

A general abstract of cast. 

In some departments rates are baaeilon plinth areoa 
or ^bic contents of similar works previously built but 
Mtimatcs framed on the baa ia of analogies from existing 
™ks art not very reliable and before this method is a.lop- 
t^ ^0 correctness or otherwise of the analogy should be 
carefully teateil for selectwi portions of the works. In 
analogies drawn from amaJl works eJicuiM never 
be rolled upon for the preparation of large projecta. 

foreSi'itcm'"* ^ separately 


■j made in the estimates for all in* 

cidental ex^nditure which can be foresaen and also the 
following items where necessary’:— 

I. ,1 **'** *“ **“'*• " Wring of Bodoona 

hotmcnbi for ™tooo. pumping pf *,t„_ 

cies on J ****^ contingen- 

o«on the eet™.ted ™t of the nprk. for unfineSeen 


estimating k quANTiTiEi ao/fl3 

provision for workcharge or Bupen'isory eatsbliahment 
ftnd too^B and plajits. 

Inchipion of lump aum providionB should \te deprecated 
and costa should be worked out in detail as for aa praett- 
cable. 

Include for any tempy. works or surveys to be done. 

Ratea ; 

Base the eatiraates on your departmental Schedule of 
Rates and where any of the rates are not available in the 
schedule make vonr own ratea based on the schedule items 
and attach analyses of the new rates with the eetimatra 
for check. Justify all rates which are higher than schedule 
rates. Whore rates are based on actual market rates, 
add in per cent for contraetor’s profits 

Drawings; 

Make line drawings or detailed drawings aa ‘requ.iredji 
on suitahb scales. Site plans will also be eewntial. Show 
North line on all aite plai^ 

Index plans of 1 inch to 1 mik wiB be required for 
most of the probets. 

(Further details are given at the end of each Section.) 


20 . depreciations on schemes 

Life of macbmery and buildings la generally taken for 
the following numbers of yeaist— 


Buildup 60 to 60 years 
Phimbing: 

Bath tubSj lavatory 
fittings* toilet bowls, 
etc.. 25 years 

Water aupplv CJ. mains; 

4" dia. ’ 50 years 

fi" dia. 55 yea™ 

8" to 10'" dia. 76 years 
12"" and over 100 yeara 


Motors; Pumps; 

Generators; Boilers 


Well pumps 

20 years 
26 years 

Elevators 

26 years 

Wiring 

25 years 

Fans 

15 years 

Elec. Heaters 

10 years 

Concrete miwrs 

6 yearn 
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Aiuniity, S inking Fund, Aznortuntion, Dapnciatlon 

Costa of eogineering worka are somettioea paid in 
lnatolmenta. Equal periodical paymeata or ippcopriation*, 

which are allowed to accumalate, each earning iU own 
interest^ usuaUy oompouad* are called Anitailiee Hm, * 

sum of moMy IS Mt aside annually to accuinulatocomDound 

intent and thus form a SirU^iTiff Fund in order to extni- 
guiah a debt* This process ia called Amortixation. 


In estimating the operating tKpenses of engineering 
works an aUowanoe ib made for DtprtiiaHon. In caW* 
latu^ this allowance, wo estuBute or assume the life-time, 

■nnaily, p, which at an 
«»uin^ rate, r, of compound mteroet wilt, in the time n. 
j^ounttothe ^tofthepIant*and thus provide a fun^ 


The pr^nt worth, pr«entT*Jae. or c«pit«li»tioQ »r 

of an annuity, p. for a giren number, n. of veare in 4.1 

no.’ll"”'; " n “t 

•mumed rate, r, will, at the end of thnt time, reach the 
rame amount. A. mi w.U be raaebed by that anAu^ 

TABLE 1 . Preaent mine le, of Aroiidtr of Re. looo/. 


R»ie ef inifrcit {tojupouDd:} 


Yon 

2% 

3% 

5 

4646 

4530 1 

10 

8752 

8530 

15 

12381 

U933 

20 

15503 

14877 

25 

18424 

17413 

30 

20930 

19600 

35 

23145 

21487 1 

40 

25103 

23115 

45 

26833 

24519 

SO 

28362 

25730 


3 *% 


4515 

B 3 ie 

11517 

I 42 U 

16462 

lasM 

20000 

21355 

22^3 

23456 


*% 


4452 

4329 

8IJL 

7722 

mis 

10380, 

13590 

12462 1 

15622 

14094 

17292 

15372 

18664 

■ 6374 

19793] 

17159 

20720 

17774 

21482 

18256 


6 % 


4212 

7 M 0 

9712 

11470 

12783 

13763 

14498 

15046 

15456 

15762 
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TABLE II* Annmtjr Required, to Redeem Rs* 1000/* 


(The annuity which, in n years* will amount to 
Ra* 1000/-) I— 


5 

190*24 

188.56 

]a£.49 

134*65 

180 J® 

177.39 

10 

89,25 

87.25 

35*24 

SiJS 

79*J0 

75.87 

15 

55J7 

55*77 

51.82 

49*04 

46.34 

42.96 

20 

39.14 

37,22 

35,36 

33 58 

30.24 

27.18 

25 

29,27 

27.43 

2S,67 

24.01 

20.95 

18-23 

50 

22.78 

21.02 

19.37 

17.83 

15.05 

12*65 

53 

ta.20 

L6.54 

15.00 

13.58 

11,07 

8J7 

40 

14,8* 

13 26 

11.83 

1032 

8.28 

6.46 

+5 

12.27 

10.79 

0,45 

a26 

6,26 

4.70 

50 

10,26 

8*87 

7*63 

6,55 

4*78 

3,44 


Comparatiw coats are also worked out on the baaia 
of Capital Rccom-y Factors to compare the economica 
of diRerent type* of wtuks* The tnie cost of work ia not 
only the initial coat of a conatruction but also the expendi¬ 
ture to be incurred for its maintenance or esaeatial heary 
repairs or renewals and the interest on capital invested* 
This is done by assigning the tnitial cost of constrnction ai 
annual charges over an assumed period of usofu:] life* The 
first coat of a work is converteri into annual costs by the 
formula 


R=P 


r r(l+r)" 

L(I+r)-‘ 


] 


Where : R=annual charges; P= first coat; r=rate of 
interest per annum l n=number of years of useful life* 
The capital recovery factor U a constant for a fixed, rate 
of interest and a pre-determined life. The cost* of main¬ 
tenance and renewals etc. are all converte<l into prcscTit 
value. The product of these present values including the 
first cost and the capital recovery factor gives the annual 
cost- 
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Capital Reooveiy Factory for VanoiM Ijtm and 
Int«rcat Ratea, per 1000 



0% 

2% 

3% 

1 4% 

5% 

6% 


i 

10 

la 

25 

ao 

U 1 

40 

30 

300.00 

100.00 

€6.67 

aaoo 

40.00 

tt.ss 

20-57 

20.00 

^JOO 

212.10 

77.83 

6iJ€ 

51.23 

44.66 

40U» 

56.56 

31.02 

218.35 

IJ7.23 

03.77 

67,22 

57.45 

51.02 

46.54 

45.26 

36.07 

214.63 
123.20 
89.04 
73Ja 
64,01 
57.03 
53.56 
50J2 
46.55 

2»l»7 
129.50 
96J4 
80,24 1 
70L00 
65^06 
61.07 
50.28 , 
54.7B 

337.40 

13U7 

102.96 

S7J6 

TUS 

7X65 

6897 

6646 

63.44 

250.46 

I409S 

11693 

lOtjOa 

9&«B 

OBJt 

9590 

8990 

61.74 






















SECTION 21 


MISCELLANEOUS SPEdFlCATIONS GENERAL 

TECHNICAL INFORMATION 


Pago 


Athlotic Ficlda : Billiard Room ; Croquot Lawti ; 

Ball room ; Badminton; Tennia LiVtiaa 
Biack-Boards for Schools ... 

Chutchea {Deeigii) 

Cinemas, Theatres and Public Aesnmbly Halla 
Chemical Substancoi^ — Co mm on names of 
Do£.‘k3 and I^Ltrine Works 
Earthquake-Proof Buildings^ Design 
Fencings and Railings 
Ferro-type Printbg Methods (Blue Prints} 

Flag Polos 

Heat CoaduRting Powers of different 
Subatauoes ; Absorption qf heat by different 
Colours 

Hospitals (I>Dsjgn) 

Light ; Refieetton Factors 
Motor Garages (Design) ... 

Papers—Drawing, Printing; Tracing Cloths-sizes ... 21/22 

Hiwting ... ... ... 

... „. £ 1/28 
School Buildings — Design of Class.rooraa and Hostels 21/30 
Steel Structure^ —General Principles of Deal gn 21/31 
Swimming Pools —Design 
Surveying : Table of Angles Corresponding to 
Opt*nJng of a ^-foot Rule 
Cliaiiiing Over Sloping GrouQ'rls 
Tliermometeri 

Tiraea—Variationa of Local times 
Vibrations—:AJlowance in Design of Structures 
Addenda 


21/2 

21/2 

21/3 

21/3 

2J/ri 

21/5 

21/7 

21/17 

21/18 

21/30 


21/20 

21/20 

31/21 

21/33 


31/32 


2l/:t4 

21/:t5 

21/3G 

21/311 

21/30 



Athletic Fields 

Billiard : 

pf Tablf; Size of Hooin 

8 '^ 4 ^ irxi 3 ' 

lO'xS' 20^X15' 

I 2 'xfl' 24 ^X 18 " 

Croquet Lawn : 


Size of Koom 
Ball Boom : 

Allow , a 
area of 16 sq. 
j.»eiison exclusive 
Ihik TennU : 
Singles size 
Doubles size 
Badminton : 
Sini^Ies size 
Doubles size 
Baeket Ball : 
Max. court 
Ideal court 
For Schools 


lOo'x.^' 

minimum floor 
. ft. for each 
of ante room. 

W X 12 ' 
40'X1S' 

44 'xl 7 ' 

44'x20' 

Ol'xoO' 

I>0'x5<y 

84 'xijO' 

74 'X 42 ' 

60'x85' 


'r* So. 


i h: 

n.au.b 1 


DaulUa* 

jr. 




Stt 


? niifr 


i 


' 13 -J 

*ri 


I 

i(tt I 


i 


Slajatt. 






natis cemtT 

Schools 

Dom floor to base of 
blact-boarrl 


Black-Boards for 

IlciQjils : 

T Vi marj' class rooms I'_tj' 

Flementaiy class room 2'_1' 

High school cla^ room 2' _ 6" 

Height of Block boards 3' 

fl f' 4'—0'is best/ 

bpecificattona Under goat of cement plaster 
1 eenient, sand and 1 charcoal powder. 

charcoal, 1* thick. 


fi% 4'—0", 4'—6'. 


of 

isuat of 1 


cement and 1 


Fimshing 


Ifttcd^^Ht ? 1 pallon of methv^ 

tlouremorj and f lb. of ultramarin* 


in stoppered hottleg. 


_ __ finest 

^ blue. Mix and put 

“bake well uphen usi ng - 


LJ 
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CborcheB 
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i'ise : 

-Accominodfttion Including 
commiiiiioa t&blc 'Ctc.^ for CTCry person 
Width of pon s 

l^ngtii of sonts for each person 
Height of soots from floor 
Width of seats 

Book boards, height from floor 


5 to 7 sq.‘ ft» 
33' to 35' 
IS' to 24' 
18' 

13' to 15' 
33 ' 


Cioemas, Theatres and Pablic AHsemlily Halla 
Design Requirements 

II Boating capacity m cinema halls 

allow 6 to . sq ft, per person incIiiaiNe of passages with a 
mimmum of 5 sq, ft per person exchiaJvo of passages 
wiien seat i are arranged in straight rows. This wiU be 7 
to8sq. ft. per penson ineJusire of passages when seats 
aro arranged on a cur™. Smaller dimensions apply 
to larger toomg. For small concert halls or narrow 
t angular rooms, fl sq, ft. per sitting will utfuallv be suffi- 
cient allowance* 


(*'t) The area of all doors, windows and ventilators 
abutting oQ an open air spare shaU not bo leas than ith Of 
the total floor area. If whaust fang are installed or the 
hall IS air-conditioned the ventilating area can be reduced* 

(ui) The maiimiim rake of tbo floor of an audito¬ 
rium shall not be more than 1 in 30* fAt some places, a 
max ; of 1 in 10 is followed.) ^ ^ 

fi«) Tfie clear distance between the backs of two 
Successive seats should be 3 ft. for scabs with lixed 

rocking backs. (In Europe, 

, ^ t aken for seats in auditorium and 2^^—S' for scats 

m the balcQuy). The centre to centre of the rentg should 

bo not less than V —fl' for chairs without arms and F_8' 

for ehaire with arms. Min. width for chairs with anus i« 
19 jnehes. 

Whore chairs are a St on steps in balconies, the Bteus 
are made 2^—4' to 2^—wide and 1'—1' to 1'—S* high. 
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Fbont and rear at^ps are made 3 ft* wide, and the front 
step may be lesser m height. These stena are aometimes 
made 3 ft. wide and 1'—high. 

(u) Gangwaya and paaaage^ should not bo more than 
20 ft. apart (20 ft, ia prescribed by aome autlioritioe in 
Europe) and do seat to be mote than 10 ft. from a ganu* 
way or passage (14 ft. max :). 

^^vray or pai'saga tnxat ba at least 4 ft wide 
(3 "6 clear mill: J 

(pit) The height of the baieony celling or the gallery 
abonld not be leas than 10 ft. from the floor of the audi¬ 
torium and the depth uuder the balcony should not bo 
more than 3 times the clear height. 

iviii) The maximum height of the roof or ceiling at 
highest step of the balrony shall be 10 ft. and at no 
pLme the distance between the nonng (top ef stop) and 

the lowest projection ray shall be Ic^ than 8 a. 

(«) In the caso of a cinema the farthest seat shall 
^ ^ more t mn loO ft. aw&y froui the screen- Fartbeet- 
seat for natural Toice is 80 ft. 

aiigle of siting shall not bo less than 60" 
^th the scroem The front row shall not bo nearer to 
the screen than half the width of the screen. 

so J^idaSf fl^^reen shall bn 

froi^ho front * tmax. angle of the line of vision 

1 I 3^6"' from imjujid 

level) ip tho top of the screen shaQ not cieee<l 35^ The 
tevri of .Ugo .. kept 3 to 4 ft. f„„, th= 

lOO ™l‘orn/H 
oqual namor of 

passage shall be less thanTft"®in^i^"h. 

(rip) Entrance and exit dt>rin*R hKciTT k- -j i r 
size not Icsa than ii ft v ft ft ** 1 ,^*^ IxJ providetl of 

cveiy 200 persons nnd ^ f 

AuXoh <iKroA oSubfe"" *" 


miscellaneous technical information 
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(ip) TtTO indepoH-Ient eitatrcasea shall be pruvidod for 
eicc«a to ttie gallery or auditorium if on the upper storej 
and such lataira at no place ahall bo lesa than 5 ft. clear 
in \ddt!\. No fltelrcaae slmll have a flight of more than 

1 ^ ®ach step 

shall be not leas than 12"" and rise not more than TJ'* 

of dxcmica] Substance! 

. ^ Nitrle Acid 
. . Sulphate of Copper 
. . Carbonate of Calcium 
,, Ciiloride of Sodium 

* ■ Sulphate of Iron 
*, Sulphate of Lead 
. . Cak-ium Otlde 
^ . Nitrate of Potash 
. , Sulphuric Acid 
^ . Sulphate nf Lime 

- . Oxide of Lead 
n . Oxide of Iron 
. - Chloride of Amruonium 

■ * CarlK>naie of Potassium 
► . Calcium Hydrate (HydroxideJ 

■ . Hydrate of Sodium 
. * Sodium Carbonate 
+ < Hydrochloric or Muriatia Add 

* . Sulphide of Mercury 
. H= Acetic Acid (ililute] 

+ . Ammoniatofi Mercuiy 

- . Sulphate of Zinc 

Docks anH Marine Works 

: An artihcial basin for the uae of vcsscla* The 
term ia often improperly applied to a "'pier’* or a “marginal 

DockwaU or Quaywo^—A marginal vfall on a wharf 
<rr pier, 

Dry Dock — A dock from which water can be excluded. 


Common Names 

Aqua Fortis . , 

Blue Vitriol 
Cimlk 

Common Salt . , 

Green Vitriol ,. 

Calena ^ ^ 

Ldme * . 

Nitre or Saltpeter 
Oil of Vitriol 
Plaster of Paris 
Rod Lead 
Rust of Iron . . 

Sal Ammoniac . + 

Salt of Tartar 

Slaked or Hydrated Lime 

Soda 

Soda-ash 

Spirit of Salt . . 

Vermilion , . 

Vinegar 

White Presipitate 
White Vitriol 
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Dock — A dock m which vcsseJis remain Ailoat 
while loading and tinloadingf Tt ia often provided with 
gates to retain water at low tides, 

ITAar/ — A structure at wiiich vessels may load and 
unload cargo and passengers. 

Marginal TFAor/ or Quay —A wharf parallel to the 
shore, 

—A wharf pnojectijig ftom the shore. 

Sea irall or Bulkhead ina^l—Retaining wall for a mar* 
ginsl warf. 


Space between two piers ; EOmctimes called 

“dock'‘» 

Breakwaters : (Sea and River Protection Works) 

Breakwaters are a sort of “buiuis*^ built out from the 
banks into sea or deep ivatera to form a basin to protect 
the shore &om wave actions. A breakwater should pre* 
fembly form a converging angle of intersection oot greater 
than 60 degrees. A ahnplo form of breakwater is the 
rubble mound and can be constructed by dumping rubble, 
nprap, etc., into tiie sea. Tlio sjdea are allowed to lie 
formed to get a natural slope. The interior h built with 
smaller rip,rap the sea side of the brekwater wdtb 
heavier and massive stones. In deep waters smaller stones 
are need than at higher levels as the wave action is in 
the former and (as a matter of safety) massive stones 
or concrete blocks are used on the sea side and above the 
mean sea lei el, the slopes and faces are paved with blocka 
of rtone or concrete. Tl;e etones should bo well 
gmded, Stones of 1 lb. weight to be about 3 per cent and 
^nes of 50 Tba. to bo not more than IS per cent, and 1 
ton htones not more than 50 per cent. Steel dowels areus«l 

of 

qnl k ’I®* ^ the depth of water. 

«bould be at least 7 tim^a the depth of 
wate^ :^e sloj^ at the harbour eide should Iw 1 to 11^ to 

hr^kialic ^ instructed over the top of thin 

3 ^ allowed to settle for about 2 to 


SliSCELLAJiEOUS TECHJiICAL L^fOSUrfATfOX 

EARTHQUAKE-PROOF BUILDINGS' DESIGN 

No reliable moanj^ of prodktiug an eartliquolce a:} to 
the time of occurreoce* place of occurrence or its itensityt 
haT® yet been digcovered. It isi however^ confltdered that 
ia the localities where earth-quakes have occurred o^nco 
they are likely to re-occur again at a futiu^ date. Ad eatih^ 
quake map of India ha^ braa prepared by the ^letcorob- 
gical Department showing zones liable to severe^ moderate 
and minor earthquakes. 

Earth quakes consist of vertical and horizontal wave- 
like motions of the ground. The horizontal motions are 
much greater than the vertical-from five to ton timej 
and may be in an)' direction. The moat destructive 
force is thorefoie the horizontal motion. 

General P9rmciple& of Design 

Buildings should be as light as ouglneering considera* 
tions and cousideratione of health and comfort permit. Conti¬ 
nuity and bghtness of structure an? of more importauce 
than tliickncss of walla or low height. The rnasimum 
height of any building aha 11 not exceed 90 ft. Excosgive 
length ia proportion to width is undesirable. A square or 
a compact rectangular plan should be adapted, A ratio 
of length to breadth should not exceed 3 to 1 normally. 
,4 closed shape, square or nearly so, b preferably td U or 
L shapes. 

AH parts of a building should be firmly tied together 
and stiffly braced at comera in such a manner that the 
whole struct ore will tend to move as a unit. Parapets, 
cornices, contilevera and projections exceeding 2 ft,.6 ins. 
shotdd be avoidefl. Chimneys should be of E.C.C. or 
metal and well tied with the main structure. Exterior 
bearing walls and other walls of masonry should bo 
adequately tied together at the level of each floor lino 
from outside wall to outside wall of the atruoture by 
oontlnuoiiB metal rods or K.C. ties of adequate strength 
and sheuy be tied to all intenrening partition walls. 
Cement mortar should be used in all masonry structures, A 
rigid fltnicture enmos to rest very quickly and is preferable 
to a flexible structure. 
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In the case of n rig^d frftme 'n'ith rigid joints made 
by meanaof knee brncee and gua&et plates, the liorizoota] 
girders by means of transs^erse walla serve to stiflbn the 
buildings at the expense of adding to Uie iiending moments 
of the horizontal giders and vertical columiia. Diagonal 
braces are moat effective in increasing the rigidity of the 
structure* 


{») The centre of gravity of the \v'ho]e structure should 
be as low as possible. Symmetry in the arrangement 
of cross-walls is desirable. The overturning mo meat 
duo to seismic forces of tiie structure shall not ezooetl 
50 per cent of its moment of stability both calculated 
using the same loads* 


(u] Adjacent buildmgs or parts of the same building 
difTeriiig In mass or stifTness ah nil be separated by a suffi¬ 
cient gap or distance to prevent hammering of ode another, 
or must be rigidly inter-connected* The width of the 


wall shaD be at least 4 inches for single storey build¬ 
ing! and S inchcB for double storey buildings and should 
be filled with some fragUo material which can fracture in 
an earthquake without causing any damage. The separa¬ 
tion should be carried down to the top of the fountiation 
which may be continuous for the entire group* 

(»ii) The maximum foundation prcaaiire under dead 
and live loads combinedl with seiamic forcea shall not 
eiceed by 10 per cent of the normal tsafe bearing preaaute 
allowed* In the Ckxles of some c^ountrics it is provided 
that waters the allowable bearing pressure is- 1 ton/sq, fln^ 
tlie foundation pressure may exceed bv lO per cent, and 
whm the tearing preaaure la2 tons/sq. ft., by 15 i>er cent, 
and where it is 4 tona/gq. ft, the bearing pressure mav 
exceed by not mort than 33 per cent. For the live load 
16 taken the transient live or floor loads equal to one-third 
of the equivalent deo^l fl^r load w'hich the floor ia designed 
to bear, rtubject (except in the case of store-FOoma) to a 
mm. allowance of 20 Ibe. to the square foot. 

iind every portion of a building 
^ su designed and constructed 

40 to withstand the bending moments due to a contiuuoua- 
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ly applied horizontal force in any direction equal to 10 
per cent or leas in minor earthquake regions to 20 per cent 
in severe earthquake regions (according to the intensity 
of earthquakes expected) of the weight of the building 
inclusive of live and dead loads combined at the pl^e 
under consideration. For the live loads, the superim¬ 
posed or live loads on roofs may l>e neglected and for 
floors in residential buildings they may be taken equal to 
only ^nl of the load for which the floor is designed with 
a niin. of 20 Ibs./sq. ft., and |rd for assembly halls, schools, 
and for warehouses full loa<l shotiM be taken. In multi¬ 
storey buildincs the stnicture is tested at each flot>r for 
the horizontal forces. For elevated water tanks, chimneya 
or other tower supportc<l structures not supjwrt^ by a 
building, a higher oo-eflicient for horiiMmtal seismic force 
is taken, which may be half or equal to the weight of the 
projecting part of the structure according to the rigidity 
and importance of the structure and the intensity^ of the 
seismic forces cxpecte<l. Both wind and seismic forces 
shall be investigatcil and the higher value taken in cal¬ 
culating stresses. Wind loatls when less than the k>ads 
due to the above horizontal seismic forces are neglected. 
Horizontal shear should also be chocked. The strewes are 
computed in a similor manner as for the tletcrmination 
of wind stresses. Tlie design shoukl be such that the 
moments due to seismic forces do not cause an uplift- in 
any part of the foundation. The horizontal earthejuake 
force increases with the mass of the structure ; therefore, 
the lighter the material useil, the smaller the horizontal 
force. Roofs and upper storeys of buildings in i>articular 
should l*e designed as light as possible. 

Working Stresses. An increase of 3.3^ per cent 
of the allowah!.- working stresses (under comhinod vcrtiial 
and horizontal forces inclu<Ung seismic forces) over those 
for vertical loads aK>ne, in the case of buildings including 
columns, etc. with a framework of steel, and an increase 
of 25 jicr cent for R.C. framework, provided a section 
shall not bo les^ than that required for orrlinary dead and 
live load.s, be permitte<l. 
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Foundations. It has been observed that earth 
movement is of more destructive character on soft, mobile 
or unstable ground than on rigid ground in the same 
vicinity. Lo^ fine sand, soft silt and clay may be 
considered as unsuitable sub'grades for earthquake resis* 
tant buildings. The wave amplitude may be increased 
several fold in alluvial or marshy material and in lands 
where the sub-soil water table is high. Common structures 
built on filled land or underlain by very soft materials 
suffered more than those on rocky hills. But the result 
is quite clifTorent with a strong rigid building built on soft 
alluvial ground. The eliminatioa of any kind of fixity 
between the foundations and the soil underneath de¬ 
creases considerably the amplitude transmitted to the 
superstructure. Tlie degree of acceleration generally 
decreases with increasing depth below the surface. 

It has been provo<i that a 3 ft. bed of sand or gravel 
decreases the amplitude transmitted above by half, as 
these materials serve to cushion the blow. If the building 
rests On piles on soft ground, the soft ground may siififer 
distortion in common with the piles and so relieve the 
stresses and motion of the superstructure, but when the 
piles rest on a rigid sub-strata, the safety of the structure 
may bo impaired. Therefore, a large number of short piles 
are preferable to long piles driven down to bed-rock. All 
foundations on piles or soils with less than 2 tons/sq. ft. 
bearing value shall have footings inter-connected writh ties 
in two directions at right angles to each other. 

In highly plastic or soft cohesive soils, like silt and 
some types of clays, and in very loose cohcsiveless soils, 
such as^ fine sand with very low bearing capacity, the 
foundation should be carried to a firm stratum by means of 
piles, piers or wells and where such a foundation is adopt¬ 
ed the thickncsss of the soft stratum above the firm 
stratum should not exceed the smaller width of the area 
of the entire base of the building. If the thickness exceeds 
this wnlth the site is unsuitable for an earthquake resist¬ 
ant structiw. The heads of piles, piers or wells should be 

^nnected by a reinforced concrete slab, or a grillage of 
beams. ° 


UlSCE LTJl^EOITS technical in formation fli/ll 

TiiO founJatiuna PEtJ not l>e deeper than made under 
nnmial condition^. Overturning momenta due to earth¬ 
quake forces i^icrease vert tcfl I ptesauie on the foundations* 
Footings should be so deaigne^i that the pressure on th& 
soil per unit area ahall^ as far as possible, be uniform 
under all part^ of the budding. Eccentrio vertical loading 
wdl cause acbiitional pressure and the footings with th& 
greatest eccentricity will determine the design beiiring 
pressure for the whole budding* All foundations and foot¬ 
ings of columns and pier^ of buildings should be completely 
ifiter^oonneeted in two directions approximately at right 
angles to each other ■ it ia an important means of securing 
rigidity atifl a moving together of the structure as a unit. 
It is very desirable that the bottom surfaces of ad parts of 
the foundations of one structure ahoiild bo on the same 
level, and no stepping should be done. If the ground i^ 
not level, the slope ahull bo excavated to a horiiontal 
plane for the entire area of foundation* Sites near abrupt 
ehangics in the surface level of strata ahould be avoided* 

A raft fountlatiou designetl to withstand load evenly 
over its ^^ hole surface is a very suitable type but Is expen- 
sivo and may bo used for ver>' high buildings or in very 
poor soils* Continiioiis inverted T—beam foundations 
may be adopted where the weight of the building is ^ 
heavj^ to be caniod on column footings or the bearing 
pressure of the ground ia low. The beams should be design- 
od to n&siat direct pressure or eompr(^iou caused by 
aeismic forces in addition to the bemting stresses* For 
design it is assumed that the loads on the various parts of 
the builtUng are distributed so that there is a uniform 
upw'anl pressure on the beams which are [X>nsidered as 
supported by the columns* Any bad such as that of a 
wall directlv bearing on the beam is deducterl from the 
upward load on the beam* The depth of the beam is in 
most cases detennined by shear* The Ranges are designeci 
as cantilevers. Care should be taken to see that tho roin'- 
forcement bars are small enough to devebp their strength 
ill bond and that the thickness of the flange ia sufficient to 
resist shear and compression due to bending. For small 
buildings it will be found that a rectangular beam will give 
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suffitrient- bearing surface, but for heavy structures lb is 
usually mDre economical to adopt tho inverted T—beam 
section* When beam fgundatigni are the whole area 
for the foundations should be excavated. 

Isolated footings iiitor’-coimcetcd may be adopted. 
The design of footings is based on the same principles as 
cxplLLined in Section When the outer edges of the foot¬ 
ings are within the normal angle of dispersion of 4o deg., 
tiiore is no bending in the footings, a nominal reinforce¬ 
ment, flay i in. dia^ bars at 6 in. centres, may beprovjde<h 
The eroB3*section of tho ties or footings sliould be i2 ins. 
by 12 ins* (minimum : S ins. by 8 ins.) when built of 
reitifurced oonereto and ahnuld bo reinforced with at least 
four I in. [min : | iu.) dia. rods^two in tiie top and two in 
the bottom, one at each external angle, with not less tltau 
i in. r>und stirrups spaced not more than 12 ins. apart. If 
the width of the footing exccc<l 12 ins. one siiuiLar rod 
should be added at the bottom for e^cdi additional 8 ins* 
wjdtli or part thereof of the footings. The reinforcement 
aliould have covering of *2 hiii. The )unction of the tie and 
the footing should be aa low as [loasible and the bottom of 
the tie should be on the solid ground. All angles of the 
footings should be adequately reinforced and if requirEd, 
diagonal reinforcements splaying at the comers sboiild be 
provided* In pLin, the junctions of columns and beams are 
usually splayed at the re-entrant angles in the vertical 
plane. Each tic shall be capable of resisting io direct com- 
presi^Eoii or tension the seismic force on the heavier of the 
two footings. 

lieam and elab mat (solid raft) is considcrc<l to be 
the ideal seismic foundation in preffiroiico to brai cii inter- 
corLn.e<'tionfl, Tlie walls of the bui|f!lng.H arc rtopported on 
continuous beam footings and a slab is used an connect¬ 
ing tie which also serves as tiic basement floor slab. The 
slab Hhftll bo cast integrally with ribs or beams. The slab 
should have a thickncfia of at least l/48tb of the clear dm- 
tan re between the connected foundation'^ with a min. of 
€ in. Tho remforceinent of this slab shoiiid not bo less than 
i}.2 per cent of the gross arc* of slab in each direction* 
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The bottom of the slab should not be more than 12 
ins. above the tops of tiie footings. Tlic inter-connecting 
tics anrl slabs should be built monolithic witli the footings 
and the reinforcing bais should be anchored into the foot¬ 
ings. Since the bottom of the slab is above tlie bottom of 
the footings the ends of the footing joints are splayed up. 

Masonry Buildings of Bearing Wall Constmetion 

All masonry walls, in the case of masonry buildings 
with bearing wall construction, should have foundations of 
reinforced concrete, laid at least 1 ft. below surface level 
upon solid ground. All buildings constructed of masonry 
or hollow concrete blocks should have continuous bands of 
reinforced concrete carried round all external, party and 
cross-walls at foundation level, lintel level and below the 
roof slabs or door joists and at the level of the tie beam or 
feet of the rafters of the roof. Where R.C. slab is provided 
for the roof, the band at eaves level may be omitted in case 
of one-storoy building. The lintels of all openings should 
be kept at the same leveL Such concrete bands should be 
of the full width of the walls and not le-s than 6 to 12 ins. 
deep. The construction of a floor slab in the bosemeitt 
forms a most effective tie. Where walls arc tiiickencd 
by piers, the concrete bands should bo of the full width of 
tlie wall and pier combined. Where rafters, verandahs, or 
other roofs terminate against walls at intermodiato posi¬ 
tions between adjoining doors, such walls should have a 
continuous band reinforced to resist lateral forces Continu¬ 
ous raking ooncrete bauds should be provided at the top of 
all ma-onry gable walls. Such bands shouhl not be lees 
than 6 ins. (prefer 9 ins.) deep and not less than the full 
thioknoss of the top of the wall in width. Tne steel rein¬ 
forcement for the bands may be two rods at the top and 
two at the bottom of I in. dia. for 9 ius, walls. 2 in. dia. 
for 13} ins. walls, and 1 in. dia. for 18 ins. walls, witii i in. 
stirrups 12 ins. centres. 

TftO height of a masonry wall should in no case exceed 
1 } times the total width of tlie building at its base. The 
total height of bearing wall should not cxcee<i 40 ft., the 
height being measured from ground level to tiie main tie 
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level or the foot of the rafters or to half way up a gable- 

The min. thickness of walls in unfraracd buildings for 
one-storey building may be 9 ins,, and for two-storey 
building8*13^ ins. in ground floor and 9 ins. in first floor. 
For buildings more than one storey, the following heights 
should not be exceeded : 

Thickncu of wall 18" ISj" 9" 

Storey height 15' 12' 10' 

In no case the storey height of an external wall should 
exceed 15 ft. except that for a single storey building with 
trussed roof where a max. height of 22 ft. may be per¬ 
mitted provided the wall thickness is not leas than l/15th 
the height of the wall. No brick wall should exceed 50 ft. 
in length Itetween centres of intersecting walls, rnsupport- 
ed walls of more than 10 ft. length should be stiffened by 
reinforced brickaork or concrete columns spaced at not 
more than 8 ft. centres. 

Hollow w’all constructions (two-leaf walls with air 
space) are not ma<le in seismic regions. 

Practical considerations limit the thickness of 
reinforced concrete walls to a min : of 5 ins. A thick¬ 
ness up to 8 ins. will usually cover most of the require¬ 
ments. Walls are generally built monolithic with the floor 
slabs and may be treated as fixed beams. Vertical reinforce¬ 
ment of I in. dia. bars at 12 ins. c/o and horizontal rein¬ 
forcement of J in. bars at 12 ins. c/c will be adequate for 
practically all storey heights encountered. The thickness 
of concrete hollow block masonry load bearing walls shall 
not bo less than 8 ins. for single storeyed buildings and not 
less than 12 ins. for grouml floor for two storeyed buildings. 
In the case of concrete masonry walls of the type of con¬ 
struction mentioned above, the clear height of the wall 
shall not be more than 18 times the thickness for walls with 
lateral support both at top and bottom and not more than 
14 times with lateral support at top only. Reinforcetl 
floors and roof slabs are considered as affording lateral 
support. 

Cross-walls. The thickness of any cross wall shall 
not be less than |rd of the thickness presoribcil for the ex- 
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t«rnal wall into which it bonds with a min. of 9 ins. Inter¬ 
secting walls should be tied by means of concrete bands at 
the foundations and at each floor level from the wall in¬ 
tersected to another external or parallel wall on the oppo* 
site side of the room or building. Cross walls generally 
possess greater rigidity than frames extending in the same 
direction. 

Roofs, Arched roofs of any type shall not bo per¬ 
mitted. R.C. slabs shall be reinforced in both directions. 
All roof trusses should bo anchord to the concrete band 
or top frame. Slotted plates at one end of the steel 
trusses may be provided to allow for temperature changes. 
No gable ends should be permitted and ends of all sloping 
roofs should bo hipped. 

Openings in Walls 

Buildings with open fronts (such as stores, garages, and 
shops) and many openings in walls lack structural bracings 
and have often suffered severely in earthquakes. .\U open¬ 
ings in the walls should as far as possible be placed away 
from outside corners of the building. Single doors should 
be used as far as practicable. In external walls the min. dis¬ 
tance from an e.xtemal comer to the side of any opening 
should not be less than i of the height of the o{>€niug or 
Ij times the thickness of the walls in uliich the opening 
occurs, whichever is the greater. The total w idth of aU 
the openings in any wall should not be more than 50 per 
cent of the length of the wall, and tlie combined length of 
the solid portions in the wall should not be less than | of 
the combined height of all the openings, or the wall should 
bo f>roportionately thickened so that the area of any hori¬ 
zontal section through the wall apart from the openings is 
the same as if there had been only 50 per cent openings. 
Au.xiliary bars parallel to the sides of the openings and 
within 2 ins. of the openings continuous or extended at least 
80 diameters beyond the openings shouhl be provide<l. 
Added safety against damage can be obtained by providing 
adilitional diagonal bars at least 24 ins. long and ^ in. dia. 
at each side of the comers of the openings. Large window 
o^ieuings should be avoided. 
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R. C. Framed Buildings. The loo^i ^kauldbe tak&a 
an the framea and no portion may be coiiaidcred as traiis- 
mitted to the walb^ Tne main beams aiiould be remforeed 
at top find bubtom with 0"7 per cent reiarorceaient on each 
side, anil stirrups providud tliroughout the length. 

The slendemcAs ratio of oolumnf! should not be greater 
than 15 and the main JongitudiDal roinforcenicnt should not 
be less than li per cant of the effective area* Particular 
attention must bo paid to tlie tying in of retuforceraent fit 
tho ends of beams and csolumns. FJoora and rtfofs should 
be Cast integrally with the siipporting beams and the ex¬ 
terior corners should have diagonal braces eltlier of beams 
or through the provision of diagonal reinforcement in the 
slabs. The etructure ahouhl be made as rigid possible. 
Construction joints to prevent cracking due to shrinkage' 
or temperature changes in slabs may be provided whenever 
oonaidered necessary. Wall panels may bo of bricks, con¬ 
crete bloeks or any type of special material and the panels 
should be adecjuately tied to the frame at points of support. 
Brick woU panels or hollow concrete blocks should bo rein¬ 
forced with taxi i in, bars at overy 6th comse for panels in 
external walla anti every 6th course for panda in internal 
wails for spans up to 12 ft. and for longer spans tho rein¬ 
forcements ehouid be placed after fewer courses^ The re- 
inforoepiontfl should be tied to the frame at either end. 

Staircases 

Staircases should, whenever possiblo, bo winding stair- 
eaaee, ond in any ease the stops slrould be rigidly coiinet‘te<i 
on either side to the walls or frame of the building. Canti¬ 
levered stairs are not advisable in seismio areas. Stajrc'Oses 
bnilt in such a naniicr so os to not as diagonal bmeiripB 
between the two connected floors have been damagedl by 
earthquake Bhoeks in most of the cases. Therefore, for the 
interconrei'ition of adjacent floors bv nicanfl of staim'avflg 
either sliding jointe should be provM^ at the stairs so that 
bracing offeot is eliminate 1 or w!:ero Htaita are built mono- 

lithicfilly with tho floors the Ktairs should be cnclO'Sed by 

two rigid partition walls at tlie stair opening and in such 
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rguftii joints should not be nocfiesMy l this Is for when tho 
two fligh ts are made parallel to each other for one stowy 
height. 

Timber Stmctims 

Small buildings of one gr two storey height with a 
ground area of not more t h a n 3^500 ft. with well braced 
timber frames on sound foundations can bo safely oon- 
structed to withstand the stresses. Such buildings should 
not bo mure than 25 m height or if two storeyed, not 
more than 30 ft. in height. Openings must be kept back, 
aa far as possible^ from all oomers. It is pjeforablo to make 
timber structural with masonry foundations* If so con¬ 
structed, the fonndatkm walla abotild not be less than 9 ms. 
thick on a footing of IS tns. width for a foundation wall up 
to 7 ft. In height for a singls storey dwelling- Where the 
foondation wall exceeds 7 ft, in height, 4t ins. ehouM be 
added to the wall tbickneee for e’lery 7 ft- or part thereof, 
with a proportional increase in the footings- If the founda- 
tioQ wall is of reinforced ooncrete, the thickneas may be 
reduced to 6 ins- All oomen of walls should be diagonal^ 
braced and if the length exceeds £5 ft* additional bracings 
are necesaaiy. 

Buildings in leiimic regions mutt be made fire-proof ae 
fire frequently follows an earthquake and ita ravages are 
often greater than thoee of the ear^quake iteelf. 

fwncbif* aad RalUngB 

(See also pages 4/£«. 27.) 

Wires used for fencings are of different gaugee, up to 
14 S. W- G- Usually they are of 4, 6 and fi gauge in 7 
strand (or 7 ply), or 4 point—3^ apart bwbed wire 
"thickeat.'^ A coil of wire sa usually supplied is ewt^ 
or about 450 yds, of 7-<trand I4 gauge wire. 

Ordinary wire posts are provided 12 ft- apart or 470 
per raUe, and stiffening posts 60 per mile. 

The fencing pewts may be of the followiDg siue l 
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Lint Po$U ; 

" **xrx|*; or 

Terminal Poets: 

^-2r x2i'x j* with two .uji u*x ir 
X J L for oorxter posta azid one stay for end post. 

• Not over 6 ft. iride single or 12 ft. wide 
doable gate opening ; 

Pipe—3'die. or L—3'X2|*xr or T— 2 j*x 2 |*x|' 

® ft- ^de to 13 ft. wide single or 18 ft. to 26 ft. 
wide double gate opening : 

Pipo—4* dia. or L—6'x3*X f or T—3*xS* xi* 
Wires are fixed to end posts by straining bolts either 
writh lu hooked or eyed end, complete with washer and 
not. Tbesizeeof sooh bolts are 9'x4' 

16;x{'. IS-xl” or f „ I'. Wi«. « 

gal. sUplee of sixe to 1|*. ^ 

For more details and^ for R.C. Fence Poets aeeSeo- 
tlon 8. See also under Bridges**. 

Railing pipes for Embankments, etc. 

To co^U of g,Uv. W.I. gu pii« from I to 1 inch 
dmmetor, mtorSroira lft.,part. The height .bore the 

ground level ts generaUy from 3' to 4'-6*. PosU are 6 to 
8 ft. ai»rt ; they are sunk into the ground from l*-«' to 

Posts can be 

ofTs S X 3" XI (also called stumps or standards.) The 
fou^ri^ bl^k of concrete can be of site I'x I'X If 
high. P^ at ^Im can be stmtted by bending the 
««>nd p,^ from the ^ttom and carrying it into the Ume 

by“^^t 2^t ^ -i" 

Ferro-Type Printing (Blue Prbits) 

• Method of sensitixing paper i 

Ammonia 100 grs. 
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(••) Ferric cywiide of PotMMuni* 
(Red Proaeiate of PoUah) 
Water 


... 70 grs. 
1 o». 


Make the aboTe tiro eohitioM eeparataly md raix ^ 
the time of oeo. The mixed eolution ehoald bo afyh^ 
•ith a sponge on a thick (glased) pa^ and ti^ 

crwBWays. The paper U hong up to dry. The prooooa 
should be carried out in a dark room. 

About 4 ounces of the solution will suffice for coating 
100 sq. ft. of paper. 

The Teasels in which the solutions are made must be 
scrupulously clean. 

The potamium salt should bo broken up fine. The 
iron salt Resolves very rapidly. It may be kept mdefc 
mtohr in a solid suto if perfectly ‘•'y- 
^sture and then becomes 

«,lution ia apt to become moiUdy aftot ^ 

lolutione ohould be prepared and kept in ^ured bottloa 

in a dark room in small quantities as required. 

The solutions must be dissolred thoroughly *nd filt^ 
ed Take care that no undksolTod partacJes of the r^ 
prussiate get into the double solution. It must be reject- 
ed when its brown colour changes to bluish green. 

If a few drop* of strong ammoma sohitton be edd^ 
to the citrate solution, untU the odour it qmte i^^tible, 
the addition of a saturated solution of ox^ic aad m wa^ 
to the doable eolation will hasten the pnn^ in cloudy 
wft^ther 10 oer cent, of the oxalic acid 
J^rSiS^’thc ra^dity of printing abont 21 tiinm : 20 per 
cen^times ; M cent., 10 times ; but with more than 

20 per cent, it is difficult to got clear white lines. 

After washing, the epplicetion of e eolution froi^ U) 
S per cent, of hydrochlorio acid, or of oielio ecid m «ter. 
inbmeifies the blue colour, end is therefore ueefol m bring- 

•aid not the ferrocyMiidc of yeUow pnaM. 
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ing oat pale or onder-expoeed prints ; bat the prints 
most afterwards be washed again in pure water. 

To erase a (white) line on a blue print, go over the 
line with the sensitizing solution. This shoukl be done in 
» weak Ught. Then expose the entire print and rewaah. 

Bhie colour may be removed showing the white peper 
beneath by implying a saturated solution of conoeolrated 
carbonate of soda (either washing soda or bicarbonate- 
baki^ soda, will also answer) or carbonate of potash. If 
red, instead of white, lines are desired, mix with the soda 
or potash solution ordinary carmine writing-ink. 

White correction lines can also be made on a blue print 
with the following solution : 

Oxalate of Potash 150 gn. 

Gum solution 40 min 

Water 1 q*. 


Flag-Poles—W ooden 

For 30 ft. to 60 ft. extending above the roof—diameter 
at the roof ahould be 1 /50 of the height above the roof and 
top diameter | of the lower. (Size for hard-woods.) 

Heat Coadacting Powers of Sabstances 

?*te 1000 Chalk 

, 6210 Asphalt 

Bnck (av.) 660 Wood 

Firebrick 620 Cement 


560 

450 

336 

200 


following table gives the absorption of heat by 
different colour* when exposed to the Sun’s direct rays 

100 Turkey red 165 

Pale yellow 102 Dark green 168 

Strong yellow 140 Light blue 178 

Light green 155 Black 208 

n. • Hespitals 

bed between wall and passage for 

00 c. Allow I0'-6 mm. gangway between beds!^ 
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X-Rftj rooms require apeeiiJ type of fioom, pluWMgt 
aIso doors and fittings etc. for whichi details ihoald be 
obisined from tbe Medieel Department. 

U^i 

B^jUriioncf : 


EfFLEcnoN Factom foft Various MAtERiAU 
AND Paint CXMjours 


Wbite-paper 
White tik floasy 
White'Wseh 
White paint 
Pale cream 
A jpfwini ii TTi paint 
De^ cream 
Primrofle 
Lesmoo 

Golden yellow 
light bulT paint 
Light stone paint 
Medium buff paint 
Concrete unpainted 
light battleship grey 
Salmon pink 
Yellow clean 


Per cent 

Per cent 

84 

Sky blue 

30—47 

80 

Sea green 

3S 

80 

French grey 

30 

70-84 

Brack, yellow, clean 

36 

73 

Qoldca brown 

31 

72 

Light brown 

30 

70 

Blue, (turquoiee) 

27 

70 

Brick reel clean 

26 

00 

Dark battleship grey 

16—26 

02 

Yellow dirty 

20 

6) 

White-waeh dirty 

20—40 

68 

Middle brown 

20 

64 

Graes green 

19 

46 

Poet office red 

10 

44 

Peacock blue 

10 

42 

Galvaniced iron 

10 

40 

Dark brown 

IS 


(Thus, apart from the sanitary advanta^ of white¬ 
washing of walls and ceilings, there is a conaJdflrable im- 
provement in lighting^ 

MeflectioK Factor* of Varkwii Metsl* : 


Silver plate -* P®^ 

Silvered glass -*■ SZ—88 „ 

Mercury-back glsRe *** -- »» 

Chromium plate **» d5 „ 

Polished alunijjuum ■»h' 62 „ 

Nickel plate *■» ^ i» 

Silver-plated metal reflectors are the moat efficient 
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vrhen new bnt they quickly tarniah. Silvered glau is very 
efficient. Chromium is free from corrosion and can stand 
rough usage which would ruin glass reflectors. 

Motor Garages 

Min. size : 13' (prefer 16')x9' 1 

Usual size : 18' to 20' x 10' to 12' > Floor slope 1 in 30 

Height: r to 9' J 

Size of Motor Pit: 

Length 12' . 'I Steps can be made on one side. 

Breadth 2'-9" > Bottom drain should be provided 

Depth 4'-0" j if possible. 

Planks for covering 1^" thick 
Approach Ramp 1 in 8 to 1 in 10 

(See under “Motor-Vehicles” for sizes of cars in tbs 
SectiOT on “Roads and Highways.”) 

Papers 

Size of Drawiag Papers : 



Inc. 


Ins. 

Antiquarian 

62X31 

Emperor 

72X48 

Atlas 

34x26 

Imperial 

30x22 

Columbier 

34x23 

Double Imperial 

46X29 

Demy 

20x16 

Medium 

22X17 

Double Elephant 

40x27 

Royal 

24X19 

Elephant 

28x23 

Super Royal 

27X19 

Tracing CloiA— 

Width : 

18, 28, 30, 36, 

38. 41. 42 


inches wide. 

Printed Book Sizes : 


Book Size 


Fooltcap (F*cap) 8 vo. 
Cnmn 8 vo. 

Large crown 8 vo. 
Dei^ 8 vo. 

Medium 8 vo. 

Royal 8 vo. ... 
Crown 4 to 
Cemy 4 to 
Royal 4 to 



Dtmentiooa in ioa. 


6 |X 4i 
74x 5 

8 X 
8|X 

9 X 
10 X 
10 X 
lllx 
l2iX 


8 | 

10 
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24 or 25 6heet« of paper=I quire ^ 

20 qurres=l Teun^ 480 or aheetj. 

RivediOff 

Tablee for Biveta Are given in Section 4. 

Bivets ere superior to boha for being hAmniered up 
hot they oontrect on cooling end cause a frictional zesiet- 
anoe betvroeo the platea^ thna adding oonslderablj to the 
rigidity of the woit 

Riveted joints are crlaaaifled aa : {*) Lap joints ; («J 
Single covflf i (iii) Double covers Lap and aingle cover 
joints are not to be recommended for connecting tension 
platen, here the rivets are in uingie shear and in the double 
cover joints, the rivets are in double Bhcar, 

Max. working stresses on bolts and rivets l 
Tt/r paTt§ in Shear : (Gro« area of rivets and bolts) 

On power driven (or shop) rivets 
and tight fitting turned bolts 6 tons/sq- in. 

On hand driven ^ot finldj riveti 
or boHe *, .. 5 ,, 

On blaok boUe * * «, 4 ,, 

Ilie strength of rivets and bolte in double shear may 
be taken as twice that for single shear. By scone enginoen,. 
in double shear the effective section of each rivet is rec¬ 
koned at 1| tim^ the aeotioa area of the rivet. 

For parte in Bearing i (Qroas dia. of livets and bobs) 

On power driven rivets and tight 
fitting turned bolts ... 13 tons/sq. dl 

On hand driven rivets or bohs 10 ^ 

On black bolts 0 „ 

For parU in Tention : (Gross are* of rivets and net ere* 
of bolts) 

On power driven (or shop) livete... 

On hand driven (of field) livets ... 

On bolts I in. and over in dia. ... 

On bolts tees than | in. dia. 


fi tunmfwq^ iii- 



rodl. 


^Tbeae ttrmw act inirnded ** SRP^T “ aiawnl 
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The grees are* of a riret ia the oroa-eeotional area of 
the finished riTet after drtTing. The net sectional area of 
a boh ii the area at the root of the thread. 

It will be seen from abore that the working stress of 
hand driven rivets is only 4/5th of the machine driven 
rivets. 


Riveted joints may fail in four ways : 

(•) Shearing—single or double shear : 

F«—f«icr* ... single shear 

«fa2icr* ... doable shear 


(«•) Bearing or crushing : This is usaally due to the 
plates being too thin or the dia. of the rivets 
being too small: 

F*-f;dt 


(its) Tear^ of the plates : Plates connected by 
rivetmg are weakeaed by the holes drilled for 
the rivets. 

F|=f*(bxt)—(nxd) 

(tv) Bursting of the plates : This failure is likely to 
occur when the rivet hole is drilled or punched 
too near to the edge of the plate. 

Strength of joints at weakest section (in tension) : 

—t(b-d)f, 


ESdeocy of jointo-^ etooiyh of joint 
Strength of solid plate 

^le loes of strength is ordinarily : for chain riveted 
joinU, 15% ; for doable riveted, 30% ; for single riveted 
joints. 44%. as compared with the strength of the plate 
unpunched. 


Cover plaits for joints : Thickness : 

In butt joints—cover plate on both sides, the thick* 
neae being each |th that oi the main plate to bo jointed. In 
single cover, the cover plate is 1 or 1|<. 

Where several thickneeaee of plates are to be jointed, 
they may with advant^ be all jointed between one ^ 
of oover-platee. arranging the several layers to break joint 
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one with •nother, end leering between every two jointe e 
•peee oonteining e sufficient number of rirets to teke ■■ up 
the poll of one leyer of plene. 

Diameter of Rivet* : 

Pot eqnel strength in beering end sheer, diameter of 
rirets mey be es follows . 

In e single sheer joint d«2.66 t 

In e double sheer joint d«» 1.27 I 

Also, when t is less then d**2<, end when it is 
eqnel to or greeter then d*»l|<. t is the thumest plete. 

In pletes to thick. V' to diemeter rireU. 
and in pUtes to thick, f" and i" diameter rivets ero 
used. Some engineers use e die. of for e plete, t 
for e i" plete, 1" for e plete. The max; size of the 
rivet will also depend upon the minimum width of the 
member. In plete girders, diemeter of the rirets is taken m 
I*' for ell flanges over 6'^ in width end for ell flanges 6" 
or lees in width. 

Pitch of Rivet* : 

Number of rivets required»C/R or T/R, where C or 
T ere direct compressive or tensionel loads in tone end R 
is the resistance of a rivet. 

Rivets riionld not be closer together centre to centre 
then 3 diameters (prefer 3i die.), (min: pitch is 2td for 
punched and 2d for drilled holes), mw further apart thu 
16 times the thickness of the thinnest outside plete, or o 
for tension parts and 6*' for compression parts except that, 
where two or more rows of staggesed rivets occur in one 
leg of an angle, the straight line pitch may be increased to 

times the above values. In staggered riveting the die- 
tenoe between the transverse pitch lines should be at least 
|rd the transverse pitch of the rivets. 

The minimum distance from the centre of a rivet to a 
planed or rolled edge should be times the diemeter of 
the rivet for drilled holes end 2 times for punched hoi es ; 
or eooording to BSS 449 :— 
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SolUd taien or Planed edgt 

n 

1*" for 1 

ir fw r 

11" for i" 

1" for*" 

r 


Sheared edge 


for Ij" dia, rivet 
dia. rivet 
dift, rivet 
dj&. rivet 
dia. rivet 
dia* rivet 


2" for 11' 
for 1" 
11" for 1" 
1±" for i" 
1*" for r 


dia, rivet 
dii. rivet 
dia, rivet 
dia. rivet 
dia. rivet 


1" for I""* dia> rivet 


The lengtba of rivet ahante are takea as follows : 

For snap heads L=,t+i/8+lld 

For counteiisunk heads 

Deductioa for rivet holes ; 

lo ^ion membere an area of ifd+i'j for hand 

*11)**“*■ drivea riveta 

ahouJd be deducted for each hole. No dedactiona are made 
lor members m compreasion or shear. 

F,=strength of one rivet in shear, 

^►=atrei!i^h of plate in bearing 
strength of plate in teariM^ 

/,=a^wabb shear stress in rivets, tona/sq* in. 

fcdS rf rivrt **™ ” P****' 

P***® t»n.II>it«ng the 

p=pitch of rivets, 

n=no. of rivets per side of joint, 

b=^breadth of the plates. 

the platee imiediatdy aboef .“^T* 

PWwbOityofiiuceiirfc:*. Tkl. 
qaently jfmiud tohok.of 

™thod tho hola. «, t^ 

~a. V." I... v’t "Si s rs 
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ployed^ In »U caeoa where the total thicknese to bo riveted 
Lb 3^*' oroTw, the rivet holee ahonld not be pu]ic;hed but 
should be drilbd, and furtbeTi moat be drilled ont in place 
to finished diameter after the work ie aasembled. The 
irork must be taken apart after drilling, and alt burnt 
left by the drill completely nmoved. 



4 * i,Ty D 
a - o»T5 a 
n m c^se^ t 

1'- i*i s 


Punching must be accurately done« The dJameter of 
the punch for material not over thick muat not be 
more than Vi*** that of the die more than J'' larger 
than the diameter of the rivet. The diameter of the die 
must not eireood that of the punch by more than j^tb the 
thickness of the metal punched. When general reaming 
is required* punched holes irill be made with a punch */i*" 
smallW in diameter than the normal size of the riveta and 
will be reamed to a SLoished diameter of not more than 
Vi*^^ larger than the rivet. 

Bivete shall bo properly heated to straw beat for tbo 
full length of the shank and quick^ driven in the hole* 
The head of the rivet, particularly in long rivets, shall be 
heated more than the point end in no c&ae ahaU the point 
be heated more than the head. Spa^^ling or burnt riveta 
must not be used. Much overheating is detected by the 
burnt Scaly appearance of the Hurface of ehank ir or 
even V* rivets should not he over 20 minutee in the fire* 
Bivedng gangs consist of a holder^up, two riveters and 
one or two boys for heating and supporting rivets* Eivetmg 
hammers vary from 2 to 7 lbs * the holding up hammer or 
'Mofly" from 10 to 40 Iba, 90 to lOO riveta can be put in by 
one gang in one working day of 9 houia. 
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loose rirets can be detected by holding s finger on 
one head and Uppi^ the other with a small hammer of 
8 oz. weight. All rivets shonld be tested. Strike rivet 
head with several good blows of the hammer to see if it 
be ‘floated” or moved up and down. Slack or loose 

• i*^* ^ • rivet 

shrinks in cooling, a slight vibration is not a cause for 
condemning a rivet. V^en a loose rivet is removed, it 
may loown adpining rivets ; for cutting out of loose rivets 
e head or point must be divided into four by means of 
wo cross cuts before it is cut off sidewajrs and the rivet 
shank punched out. 


^fore riveting is commenced, every alternate hole in 
the joint plate should be tightiy service bolted so as to 
en^ ti^t riveting. The service bolts should be re- 
tightenod frequently as the riveting proceeds. Field rivet- 
uig requires more care than shop riveting. 

^ important places where bolts have to be used 
of nv^, the nuU should be screwed home as tight 
ssj^ible and the scTO end riveted cold by hammering 
deformation, (or burred) which prevents the 

through possible vibrations. Lock¬ 
nuts and spring washers can also be used. 

diameters of §' and upwards, the 
tendod^to mi. ^ diameter of the hole it is in- 


shaU be made water or oO 
*®'*‘*“ substance shall be used 


Ropes 

contra ”**** I'oiating or trvumimion 

up the .tr.oa. of the rop^ the tSSe wirT^ 
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oonMqnentlj th« more numerooe) the more flexible the 
n>pe. 

OelTenixed wire rope for rigging is more doreble then 
hemp rope end does not stretch permeneotly under greet 
streins. Its bulk is one-sixth end its weight one-hetf 
of hemp rope. Cmoible cest-steel wire ropes ere much 
more dureble then iron ones. They should be kept well 
hibrioeted. 

Preservetioa of Ropes 

To prewve win ropes, epply rew linseed oil (which 
be mixed with en equel queniity of lemp bleck). 
Feinting with equel perts of beeswez end resin melted 
together, will elso preserve ordinary ropes. If for use in 
weter or undermound, edd some fresh slaked lime to 
ooel-ter and boil it well, saturate the rope with it while 
hot. Wire ropes when in use should be greased frequently. 
Hemp lOpes can be preaerTed by dipping when dry into 
» solution of 1 ox, of sulphate of copper dissolved in 2| 
pints of water and kept in this solution for four days 
Md afte^ards dried ; the ropes should then be soaked 
in a solution of 6 on. of soap dissolved in 2| pints of water 
and again dried. 

Hemp or Fibre Ropes 

Weight, roughly : 3’OXc* lbs. per 100 ft. length 

Breaking load in tons, roughly : 

0 is circumference of rope in inches. 

Stivingth of ropes vary greatly ; pieces from the same 
coil may vary 25 per cent. Oood Italian hemp is oonsi* 
dered bnt. '!l^e tarring of ropes is said to lessen their 
strength ; and when exposed to weather, their durability 
also. A few months of exposed work weakens ropes 20 to 
50 per cent. 

Wire ropes 

Approx, breaking load for flexible steel wire ropes, 
in tons 2*5 c* ; for iron ropes^l’flc*; for plow steel 
ropes =>3*75 c is circumference of rope in inches. 
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Working lo*d ehould be only 10 to 25 wnt of the 
breaking load. Faetening redacefl the working load 60 to 
75 per cent. 

School BwUdhiga 
Dcaigiti of dua-i'aoiAK 

The T&tio of dimenaioiiB of clasa'room shonld be 
about 3 ; 2 Of 4 : 3. It is reoogniied that a square la the 
best area for teaching purposea. The floor area of a class¬ 
room pec pupil ia taken 10 sq. ft, aireroge for Becondaiy 
echoola and 20 sq, ft, for higher classes. The height of the 
rooms should be 12 ft, minimum and if the Eoor area 
exceeds 600 iq, fl,» the height should be 14 ft. 

The class-rDom blocks should be ao arranged that the 
rooms derive light mainly from the north aide and no 
verandahs are prOTtded on that side. EKtenskms to class¬ 
rooms ehould not be made by adding at right sjigleH. to the 
main block. Two bU>cke should be Kparatod by a distance 
of not W** than the height of the higher block for lights 

For lights the glaes area of the claBS^TOom ehonld not 
be leas than ^tb of the floor area and most of the eflec- 
tive light should come from windows in the north wah. 
The windows should bo placed at regular diGtanoes bo 
as to ensure uTiifonnity of light. The edge of the last 
window in the north wall should bo behind the last row 
of pupils and not more than 3 ft. from the west wall. 
Ko windows admitting light sbonld be placed so tbst 
pnpiis when seated will be facing them. 'I^e Ifgbt should 
preferably come from the left of the pupils. In rooms 
where pupils are seated on deslu, the height of the wirvdow 
sQl should be 3^ ft. to 4 ft., but where the pupils are 
feated on the fioor^ the height of the window sill sboald 
be 2J fti to 3 ft. from the Boor, While flxing the width 
of a dees rtiom,. it should be kept in view that it is difficult 
to light nfficieaey any portion of a room which is more 
than 24 ft. fmm the window wall. 

Venti^tOTs should be fixed aa near as possible of the 
celimg Ifl'" to and allow an area, of 50 aq, inchffi^ of 
Open ventilatioii per each pupil. 
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BlackboardB should never be fixed on the same walk 
with the windows used for lighting parpoees; and no 
aeat should be more than 30 ft. distant from ^e black¬ 
board. Distance between roaa of seats should be 2'-6'\ 

For sanitary arrangements see ^'Standards for Pubhe 
Sanitary Conveniences’* in Section 16. 

Hostels 

In the case of single rooms or cubicles the minimum 
floor space should be 96 sq. ft. Rooms for accommodating 
3 or 4 stutdents should provide 65 sq. feet of floor space 
per head and those for 6 or more studenta, a minimum of 
60 sq. feet per head. 

Steel St r uct u rea (General) 

Barg —Rounds, Squares, Flata etc., special sections 
and small shapes are classified as bars. Angles, Channels 
Tees are “bar” site when their greatest dimention is under 
3 inches. Flats are classified as bars when they are 6 
inches or under in width and 0*25 inch or over in 
thNdmess. 

The surface of all joints must be thoroughly scraped 
and then painted with a thick eoat of red lead and boiled 
finaeed oil before joining up whidi should be done while the 
paint is still wet. All field rivets, bolts, nuts, washers, 
etc., are to be dippe<l into boiling linseed oiL 

Where the heads and nuts bear on timber, square 
washers having the length of each side not lees than three 
diameters of the bolt and the thickness not less than one- 
qoater of the diameter should be provided. Steel or 
wrought iron tapered washers should also be provided for 
all heads and nuts bearing on bevelled surfaces. 

For permanent bolted connections, washers not less 
than ^ in. thick shall be used under the heads and nuts. 

Screwed ends and eyes of tie-rods should not be 
welded on but should be formed from the solid bar. They 
should not be upset but staved up in a die and afterwards 
annealed. 
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weights * 

Av, wei^t of ft >tJnictare=nocLijuJ wt. of lodiM-l- 
lQ>pBr o«at fox clefttst hreta^ botU, etc. 

(10 per oent. ia taken for wastage for bolts, lints, 
wftthen, ftod TiveU, etc., for field works.) 

At. weight oT a boamBurt. of soctioo including cleati 
+2^ per oent. for riveta. 

At. wei^t of Btanduons = ditto,+5 pef oaot. 

At, weight of plate ginler>=ditto.'|-10 per oe^t. 
Weight of steel itairs 3 ft. wide, Lnduetriftl type 
*1 ewt. per ft. nm, 

STrlanmlac Pools 



Sia^ 

Deptli 

Suitahle for 

50'x25' 

Max. 3'—6'', Mia. 2*-^" 

Scbaoli fl'—6" Aep* 

Ts^xsiy 

ioiyx42' 

iss'xeo' 

® 5* II,***^ ** ™d and 

3^ d«p a* the other end 
Ditto. 

Dicta. ... 

«' min. depth and mik for 
diving. 

for tfaildrfa) 

capacity peob 

Swunnung awociatioD 
Cometta and raen 
Champforubip 


person using the tftnh. 
any one time. 


r""* IPWSJ-U. 

Or, 12 X max. daily atteadanoe at 


T^ka are roade with sloping floors towards the diT- 

i,**-^*^ fUfiwS under tlie diTing board 
ft height of the liieheet board with a. mini^ 























MISCF.LLANEOUS TECHNICAL INFORMATION 21/33 

mum of 0 ft. Copper railings diameter to be provided 
all rotmd. 

Expansion joints are provided at about 40 ft. spacing. 
Spring Board* : 

Are generally 1'—8" wide and fibied not leas than 6 ft. 
apart and not more than V—V* above water levels except 
for oubKloor pools which have boards as high as 32 ft. The 
board should project 3 ft. minimum fiom edge of tank. 
Where a numb^ of boards are |vovided one above another, 
each should pro^t at least 2 ft. further than the one next 
below it. The international one meter spring board is 
14 ft. long and 3 meter board is 16 ft. long. Fixed ru nning 
boards should be 14 to 18 ft. long or more and should give 
a clear run of at least 16 ft. The height of the diving 
board should not exceed twice the the depth of the water. 
The ladder shall have a max : of 5 steps. 

Toife/ Arrangement* : 

Lavatories : 

1 w.o. and 1 urinal for every 60 men 
1 w.c. for every 40 women 
1 basin every 60 bathers 
Dressing Boxes : 

3^—6" X 3' to 4' X 4' according to availability of space. 

One dreesing box per 15 to 20 bathers. 

Schools: (Boarding Houses) 

Allow for baths 8 per cent, of boarders 

Allow for w.cs. 8 per cent, of boarders 

Allow for urinal 4 per cent, of boarders 

Purijieation of Water ; CUm be done by the addition 
of bleaching powder or chlorine. The free chlorine actually 
present in the water of the pool should not amount to leas 
than 0'2 and not more than 0*5 parts per million parts of 
water. (See under “Water-supply”.) 

Walls of the tanks should be designed to resist earth 
pressure with live load surcharge of 1 ft. Where tanks are 
built above ground level, there should be enongh of earth 
well rammed all round. Top width of walls to be T — 6”. 
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Fotmdations of the long walls should preferably be stepped 
to make up for the sloping door. Floor can be of 6" cement 
concrete over 6" of lime ooocrete i but must besuffieiently 
strong to T^ist the water pressure. There aboold be eac- 
^^ion joint all round between the floor arid the walla {can 
be ^ j filled with bitumen. Scum trough should extend 
around the whole area of the pool and a acnm gutter out¬ 
let i^vjded. In small pools where diving boards sre not 
provided, floor will be with one single slope and not ss 
shown in the sketch. Inlet pipe should be at one end of 
the pool and outlet on the opposite cod* The Tsjiioiis 
depths of water aboold be clearly indicated. There stioold 
Iw a pacca non-alip eurround ofg ft. (mim) width all round 
the pool for open air pools and given outward fall of 1 in 
w : or, alternatively, a kerb 9" to 12" high™ be eon- 
njcted at the edge of the pool in order to prevent tniface 
water drainiog back into the pool 

S wT vey lf 


Table of Angies CoEresponding to Openings of a 
2—foot Rule 


la. 

Deg.-Min 

Id. 

Dcg.-Min. 

In. 

iTcy,- Min. 

la. 

Dc;g-Min. 

\ 

11 

i* 

21 

2k 

2i 

1-12 

2— 24 

3— 36 

4— ^7 

5— 51 
7-10 
a-22 

4—34 
10—46 
tl—5a 
13^10 

3 

31 

3* 

3J 

4 
4| 
41 

H 

3* 

51 

51 

14- ^22 

15- 34 
fS—46 
17—54 
19-12 
20^2+ 

21— 37 

22- 50 

24— 3 

25— 16 

26— 30 

6} 

€l 

7 

1 

8* 

81 

37—H 
23—54 

30— 11 

31— 26 

32— 40 

33— 54 

1 35—10 

1 36^25 

37— 41 

38— 57 
40-13 

P 

10* 

10* 

iq| 

41— 29 

42— 46 

44— $ 

45— 21 

46— 98 

47— 36 

49- 15 

50- 34 

51- 53 

52- 53 
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Chaining Over Sloping Grounds 
Table of Deductioiis or Additions to be made 


Slope in 
dc^a 

Deductioo 
in feet 

Rbein 
feet per 
100 ft. 
bocizofual 

Slope in 
degree* 

' Deduction 

in feet 

Rite in 
ftceper 
lOOfL 
! bonxooal 

1 

•015 

1*746 

11 

1*887 

19*44 

2 

■061 

3*492 

12 

2*185 

21^ 

3 

•137 

5*251 

13 

2*563 t 

23*09 

4 

•244 

6993 

14 

2*970 

24*93 

5 

*381 

8-749 

15 

3*407 

26*79 

6 

•548 

10*51 

16 

3*874 

28-57 

7 

i *745 

1228 

17 

4*370 

30*57 

8 

1-73 

14-05 

18 

4-894 

32*43 

9 

1 1*231 

15-34 

19 

5*448 

34*43 

10 

1*519 

17*63 

20 

6*031 

36*40 


Thermometers 

Three thcrmometric scales are in use : 

C-5/4 R-5/9 (F—32) C=-Centig^e 

(Celsius) 

F-9/5 C+32=9/4R-f 32 F=-Fahrenheit 
R=4/5 C=4/9(F—32) R«Roaumur 

Freezing point, or Melting point of ice 
=32‘’F.-.0*C.-.0“R 

Boiling point of watcr=2I2®F. 

=«ioorc.-. 80 *R 

Homan temperature=98.4*T. 

=.37*C.=29.r>*R. 

For most purposes mercury in glass 
thermometers are used. For recording the 
interior temperature of a dam, thermo¬ 
couples are used. 
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^riffviiQs 

EuthpjbtoiU lSd(|£|£1iw, w 1 deg. in 4 minutee, 
therefore Idc^ times of iwBLaiBns with disisnce of 1 deg. 
esst or west differ by 4 mtaatoe. , uomiur. a. 

* Vlbratiwms '^ ‘ 

strurtuxee subject to- vibrations such as due to 
working machinery, allowance for dynamic effect can be 
made by - reducixig the working stresses by about 20 per 
cent or by increasing the live and dead load effect by the 
* same amount. 

X 

• * «r» a'i C. 
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ELECTRIC SERVICES 
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Terms and Measures .. 

Ohm’s Law; Power Factor; Advantages of 
A.C. over D.C.; A.C. Constant Potential 
Systems; Current taken by D.C. and A.C. 
Motors (Table) 

Quantity of Heat 
Power Available from Water Falls 
Installation of Small Generating Sets 
Light and Fans: Candle Power, Lumen, Foot 
Candle; Reflection Factors, Mercury Lamps, 
Electric Lamps, Tubular Fluorescent Lamps, 
Fluorescent Mercury Lamps 

Current Taken by Lamps, Fans, Radios, etc. 
Fuses and Fuse Wire Sizes ,. 

Weight of Copper Wires 

Various Systems of Wiring and their Suitability; 
Max. Interval between Poles; Indian Elec* 
tridty Acts; Dutribution Boards; Testing 
Polarity of Smtehes 

Testing an Installation 

Proper Earthing of Electrical Installations; 
Earth-Resistance of various Soils; Methods 
of Earthing; Materials for Earthing; 

Earth Resistance Tests; Testing Electric 
Motors ; Earthing of O^head Lines Poles 
and Stays; Causes of Fire 

Precautions to Avoid Electrical Accidents 

Electric Shocks and Treatment; 

Fires Caused by Electricity 
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TERMS AND MEASURES 


A.C. {AlUmating Current ): Is a current which alterna¬ 
tively reverses its direction in a circuit in a priodic 
manner. A complete set of these changes is called a 
Cycle. The number of times the current goes through 
these changes during each second is called the Frequency 
of s * nd. 



Is a current flowing in one 


direction only and of uniform strength free from pulsation. 

The ooU is the practical unit electric pressure, the 
force that would carry one ampere of current against 
one ohm resistance. 

The ampere (amp.) is the unit of electric current or 
quantity flowing. A current of one amp. flows when 
a potential difference of one volt is applied to a resistance 
of one ohm. 

The watt is the unit of pov^r and is equal to i volt X 
I amp. watUltfolts=nmpcTe*, 

The ohm is the electrical resbtance of a conductor 
in which a constant current of i amp. flows under a 
constant voltage of i volt. 

The Board of Trade Unit (B.T.U.) is the kilo%vatt~hour 
(k w h), which is the equivalent of looo watts taken for a 
period of i hour. 

O^MS Iaw: The fundamental law in electric circuit 
theory which states that the current ihmu g h any circuit 
clement is proportional to the voltage across it. 

Example: A aoo volts lamp giving 40 candle-power 
and cofisuRung 40 watts, requires a current IS 40/200 
«=o. a amp. 


Ammete^ An instrument for measuring current pass- 
mg through a conductor (wire). 



through the carbon brushes. 


electric services 


3a/3 

Seruj Wiring: A system gf wiitng in which the same 
cun^t travels through two or more Lamps before com- 
plcdog its drcult. 

Short Circuit: An accidentaL connection between the 
positive and negative conduttgrsr and due to which the 
ouTCiit is cut short and does not complete its circuit. 

TrensJcrmcT: An instruction for reducing or trans- 
forming a high pressure to a low one by induction. 

IndicaUd Horse-Power: (I.H.P.) Is the power develop¬ 

ed at the cylinder^ as registered on the indicator diagram-. 

Horse-power Is a rate of expenditure of energy. 

Horse-power; (BhH-P.). Is the power available 
at the engine shaft and is the indicated hgrse^power minus 
the power dissipated in frictional losses within the engine. 

Shaji Horse-power; (S,H,P,) Is the same as 
but is the term used for large engines where die output 
if measured by a torxioiimeter rather than by a brake. 

Horruruil Horse-power; (N.H*P.) Is used by insurance 
and classification sociedes as a measure of the siae of an 
engine as distinct fi^jm its power, for the determination 
of survey fees, 

Mechonicai EJJieiemyf: Is the ratio between the work 
got out of an engine at the shaft and the work put in at 
the ^lindcr by the steam =B.H. P,/l. H. P. The mechanical 
efficiency varies greatly, usually t( Hes between o. 75 and 
0 . 95 . A mechanical efficiency of 0.85 to 0.90 is a usual 
allowance^ it increases with the load on the engine, 

Eieeuicat HP. . H,P. X engine efficiency x genera t« 

efficiencyH, 

One H,P. motor consumes about ^>0 wattf. 

One H*P, =* 33,000 ft, lbs,finln, ^550 ft. Ibs/scc. 
=0. 7457 kilowatU=5.746 watts. 

[ kilovolt=1000 Volts 

I kilowatt ^tooO watu=i .341 H.P.=*737 ft. Ibs./sec. 

I kilowau^houT^iooo watt-hours=E H.P.-houra. 
z millivolt =one-thg'Usaiidth of a volt, 
t mlUiampere^one-ibousazidth of an ampere, 
t megohm^one million ohms. 
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E=IR: To find the voltage, multiply amperage by 

number of ohms resistance. 

W=1 E : To find number of watts, multiply voltage 
by amperage. 

W=1*R: To find the number of watts, multiply the 

square of the number of amperes by the 
resistance in ohms. 


To find the number of kilowatt hours, divide the number 
of wattt by looo and multiply by the number of hours. 
I=Currcnt in amperes; R=Resisiance in ohms; 
E= Electromotive force in volts (e.m.f.); W= Watts. 


In a D.C. drctiit R=E/I. 
In an A.C. circuit Z=E/I 
Z is impedance in ohms. 


I CHim’s Law 


Advsmtmgea of A.C;. Over D.C.t 

(i) Greater simplicity of dynamos and motors. 

(ii) Feasibility of obtaining high voluges by means 
of transformers for cheapening the cost of transmission. 

(lii) The facility of transforming from one voltage 
to another, cither higher or lower, through transformers. 

D.C. current is ncccssaiy’ for some industrial processes, 
such as electro-plating, and also for the charging of storage 
batteries. D.C. is also required for dneroa work. A.C. 
is converted to D.C. through conoertors. Speed control 
is simpler with D.C. than with A.C., and D.C. motors in 
general operate with less noise. 

A.C. can be changed to uni-directional current re¬ 
quired for battery charging etc., by means of a rectijitr. 


AC. Cooatant-PotendalSystems 
There are two systems: 

(i) Single-phase system. The term phase is used in 
connection with AC. systems only in the sense of dreuit. 
Thus a single-phase system means a system sending out 
power from one circuit only of the generator. 

(ti) Three-phase system has three dreuits and three 
or four wires arc used. This is the most universally em¬ 
ployed system. Domestic consumers are generally given 
a single-phaie service but three-phase service b given to 
larger power consumers. 
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Carrent Taken by D.C. Motors 

Approx, full load current in Amperes assuming aoerage efficuneyi 



Carrent Taken by A.C. Motors 
Approx. Amperes per phase taken by modem induction motors, 
allowing reasonable efficiencies and power factor :— 


1H.P. 

of 

Motor 

Single 

Phjue 

1 

Thrrc 

PtlMC 

BJ1.P. 

of 

Motor 

]PhMe 

Throe 

PhSM 

*30 

Volo 



330 

Vohs 


5. 

k 

1.8 

•7 

.6 

5. 


8 

7*5 

i 

3-5 

i.a 

I.O 

7* 

38 

13 

11 

1 


>•7 

1.4 

to 

47 

13 

*4 

1 

6.3 

3.0 

«-7 

I 3 | 

38 

*9 

18 


7.4 

*•5 

3.3 

•3 

70 

83 

at 

• « 

8.7 

3.0 

a-5 

30 

9« 

a9 

38 


10.0 

S.a 

3.8 

SO 

'33 

4 a 

39 

a. 

ti .8 

S-5 

S-a 

40 

183 

36 

33 


14 ® 1 

43 

40 

30 

337 

70 

66 

S 

*75 1 



73 

.. 


94 

- 

30.0 1 

6.5 1 

0.0 1 

too 


ts 6 



To find the current taken by each terminal of a three- 
wire, three-phase A.C. motor, divide the current taken 
by a single-phase A.C. motor of the same size and vol- 
toge by i. 73 , 
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Qputity by Ile«t 

The British Thermal Unit (B.Th.U*) is the quantity of 
heal required to raise the temperature of i Ib. of water by 
I F. deg. Simiiarly the Caloric or the gram doric (cal.) 
IS the quantity of heat required to raise the temperaiurc 
of one gram of water by i C. deg. 


Power Available from Water Falla 


H.P. available In kilowatts —Qh/1 2 (or Q,h/i 6 with 75% 

efficiency) 


Q=di3chargc of water in cuseta^ h=lan of water in fi. 

Supply ReqoirenaetitB, An estimate is made of the 
probable fitaJk (in kw or JtVA) and annttal 

/i0/^(in kwh). The whole of the light and other electrical 
services in a building arc never in simultaneous use, so 
that the maKimum demand does not equal the total in^ 
stalled load. This may be taken: Lighting— J to ? of 
installed load; other services — J to } of Installed load; for 
fans, pumps etc. it should be assumed that all the appli¬ 
ances will be in itrvice together. This U called dipersifj 
jheioTr The number of units taken in a period, expecssed 
as a percentage of the total number which would have been 
taken had the maximum demand been maintained Conti* 
niiouily throughout the period, is called the load /nr^r. 
The Tnaximum demand and load factor arc important in 
establishing the economics of any installation. 


Installation of Small Generatjng Sets. Suffi¬ 
cient room should be provided all round the set for ease 
of access. A distance of about 3 ft. from the set to any 
obstruction is about the min. Room b required for storage 
of oil and for a small bench; shelves for spares are con- 
venicat. The room must have ample ventilation to take 
the heat of the engine from the cooling water into the out¬ 
side atmosphere. The engine foundation should be a 
htavy blMk of conCTclc which should extend 3 to 6 inches 
all round the bedplate of the generating set. The block 
should continue above floor level for the plinth. A 

centre to about 37 inches above floor level. The exhaust 
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pipe should slope downiwards from ihc en^lcie, prefer¬ 
ably^ to an expansion chamber in the floor. Where pos¬ 
sible cooling tanks should be In a separate cnmpartmtnt 
to the engine^ Water pip<^ should not be cemented into 
the floor, and cables should normally be run in trenches 
in the floor. The switchboard should be supported 
about I fu 3 ins* for single panel and not less than a ft, 

6 ins. Tor two or more panels, away from the wail, where 
it is necessary for an operator to get behind the board. 
Rails and guards should be provided to ensure prevention 
of accidental contact with nywheeJs. 

Light and Fans 

CoTidU-power: (G.P.) is the strength or intensity 
of a light source, hut is not a direct measure of the light 
output. 

Lumen: This h the unit used tu measure the rate of 
flow of light. 

Foct-Caniile: The measure of illumination, i.r, the 
useful result obtained from the lighting system. 

I C,P.= T - 7 to a waits for metallic hlament lamps. 

3 to 3.5 watts for carbon fllauient lamps, etcept 
in the case of gas-filled bmps^ 

The majority of lamps in general use are of gas filled 
type, the tubular lamps are of vacuum type. Vacuum 
bulbs are cooler than gas-flllcd ones, 

MercBTy Lamps- These give a characteristic bluish- 
green or bluish-white light with noticeably poor rendering 
of red colour. 

Tnbnlar Fluoreacent Lamp*. Available In three 
colours—**day "warmwhite"^ and “natural”. iHtc 

to their greatly increased area of radiating surface com¬ 
pared with the equivalent gas-filled lamps, these lamps 
arc of a much lower brightness, thus reducing the penst- 
bility of glare. They give over three times the light at 
the same time radiating only one-quarter of the heat. 

Flnorescent Meecory Lampa. These have a fluore¬ 
scent powder coated on the inside of the outer bulb to glow 
with an orange r^ light and thus improve colour render¬ 
ing. The surface temperature of fluorescent lamps ts 
a^ut [90* F. 
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Apart from discharge and flucMrescent tubular lamps, 
s^nd^d type gashllcd arc the most efficient and the larger 
sizes more than the smaller. 

Cmrrtnt taken by a lamp in amperes: = Watts/V’olts. 

A too watts lamp consumes about i unit of electric 
ener^ in to hours, or a lo watts lamp will c<Muume about 
I unit of electric energy in too hours. 

Ceiling fans can be rated at too watts and table fans 
at 6 o watts in the absence of any actual values known. 

Radios arc rated at 30 to too watts. Refrigerator 
3 c. ft. at 150 watts and 9 I c. ft. at 250 watts. 

All glow lamps may be hung at a hei^^t of 8 ft. above 
the floor level and fans 9 ft. above the floor. 

Fuses t 


Fuses are a safety device for protecting conductors 
agai nst overload and fires. Fuses amd automatic circuit 
breakers pre\^t generatcMS or batteries from having too 
great a load impmed upon them and also protect current 
comuming devices, such as electric motors, from the 
effects of overload. The blowing of a properly rated fuse 
IS an indication of fault in the installation as these fuse 
elements are rated to melt when the current is approxi* 
mately double the normal rating of the fuse. It is dan* 
gCTom to put in a stronger wire, as u often dcxie, to make 
me fuse to say. The cables between the main switch* 
V^i distribution boards which they control 

^odd also be large enough to carry the max. current 
likely to flow, and the fuses which control these cables 
mmt on no account have a higher rating than that of the 
cables. 


The following uble which is based on I.E.E regula* 
tioM 202 /^ IS a ^ful guide as to the correct size of fuses, 
cables and flexible cords: — 


Radxtg of 

Fuse 


Sbe of 

Fuse wire 


Min. tiae of | 

Cabk 


Min. sbe of 
Flex Cord 


Amps. 

S 

5 

to 

«5 

ao 


S.W.G. 

38 

35 

29 

»5 

as 


7/-0*9 



ttoi.oorfi 
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If the wire is of Standard Alloy (63 per cent tin and 
37 per cent lead) the same can be tised as follows: 

Current Rating Amps. 1.8 3 5 

Size of wire-S.W.G. 27 23 21 

Fuse wires should not be kept un-enclosed and 
boards should not be located in comers where wood, 
paper, oil, petrol, or any other inBammable articles are 

kept. This ensures safety from fire. ^ ^_ 

Generally the minimum size of fuse for the br^cn 
circuits in consumers’ premises is 5 amps. The load on 
lighting sub-circuits should be generally restneed to not 
over 3 amps. For lighting circuits, fuses of Sf P" 
over the max. working current are enough and for motor 
circuits generally 75 per cent in excess is enough. 

Thesizeof cables should be a litUe larger than pven in 
the various uWes for resbtance of copper conducts 
which are based on a temperature of ^ 

the higher temperature due to overload and sun. i^ow- 
ance should be made for increase in resisUnce bas« on 
the max. temperature at the hour of peak load. A vm 
of temperature of say I 20 *F., will involve an increased 

resbtance of about 30 per cent. 

Stay wires should be fixed to the pole as near as posu- 
We to the point at which stress is applied and »h^d 
make as large an angle with the pole as practittble. 1 ne 
lower end of the suy should, if possible, “ 
the ground at a distance away from the pole not Iw than 
1 of the hei^t at the point at which it is affixed to the 
pole Where a line changes direction suys are necessary 
not only at the top of the pole but as far down as ^-^ 7 * 
Poles %»rith cast iron base for the portion buned in 
ground arc considered very »tbfactory. In g«e^ 
the use of steel transmbrion line poles with feet buned 
deep in the earth will avoid the need for separate down 

leads for earthing. 

The buried ends of steel poles should lapf^ with 
tarred gunny as a preservative. Spt^l consideration 
to oorthing of R.C. pote. In ^ 
soib a sn^l base plate is usuaUy necessary under the 
foot of the pole. 
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(Wire gauges are given in Section 4 .) 

Copper for electric wires has three grades • ({) soft 
or annealed wires, {it) medium hard drawn wire, reduced 
m *«,on by cold drawing, (.V,-) hardHlraw„^% 

.. cold drawn from a rod which is ancalcd Ac same 
sugc of lU being drawn and reduced in aecUon. The cold 
drawing increases the tensile ,length but reduce, elo^n- 
7 ”"- ’‘""Ph of soft or annealed wirlls 

elongation in lo-inch 

wir!li “PP“ 

SYSTEMS OF WIRING & THEIR SUITABILITY 

hcaT^ugrmiSr::tf.ub^y",^^^ 

«rcw into appropriate fitting, or acceoocie,. ^walU 
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of the tubes arc considerably thinner than gas or water 
pipes and the threads finer. For ordinary iiwttllations 
welded conduits are quite satisfactory. The finish of steel 
conduits and their accessories is black enamel; for u^ 
in damp or exposed positions steel conduits arc usually 
galvanized but this resulu in very nearly douWing the co^ 
or otherwise two coats of iron oxide paint m^ oc 
applied. Conduit wiring is the mosi resistant to mcch^- 
cal injury as may cause shocks and fires; and if a 
fire starts it cannot spread rapidly. This system m wmng 
b now generally adopted in all superior budding It 
is the best suited for warehouses and godowns, nca^ 
engineering shops, timber and such other stor^ Ordi* ^ 
nary steel concluits (if exposed) are not ^table for 
factories where chemical f^cs are produced (such as, 
in breweries, dye works, silk factories). ^ 

Prefer to use a fine tooth hacksaw for cutUng conduits; 
pipe cutters leave a burr inside. After cutting remove 
all burrs or sharp edges with a reamer, which may daiMgc 
the insulation. Use tallow as a lubricant for the dies; 
if a lubricant b not used the dies wear rapidly and som 
result in right or uneven threads. ^ All joints must be 
perfectly tight otherwise it will be impossible to ensure 
proper earthing, and also control of mobture.^ 

Earthing of the metal conduits b of utmost import^ce 
and also of cutting away every thread of the ta^ whew 
it b stripped from the rubber at terminals. Conduiu 
must be prevented from touching gas or v^ter pip«. 
The completed installation of screwed conduits mmt be 
mechanically and electrically continuous across all joinu 
so that the electrical resbunce of the conduit tether 
with the resistance of the earthing lead, measured from 
the connection to the earth electrode and any other pomt 
in the completed installation, must not exceed one ohm. 

The lengths of conduits should be joined by means 
of screwed sockets. Threads should be free fr^ 
or oil and no material of this nature should be ^o«^ 
to come in conuct with the cmiducuira All inductors 
used in conduit wiring should be stranded The radius 
on the inner side of any bend should not be less than 3 
inches. 
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G.T.S. or T.ILS. (tough^rubbcr slieathed) cables 
will sund dampness if the junction boxes are sealed with 
a plastic insulated compound. They will also resist 
add and chemical fumes, including those of ammonia, 
but the wiring should be with all insulated httings and all 
joints should be scaled propwly. These cables should 
not be exposed to direct sunlight or high temperatures. 
T.R.S. cables have a tendency to crack and open after 
some time where the wires have been bent to a sharp 
angle. 

P»V.C. ^bles stand chemical fumes very well but are 
unsuitable in high temperature localities. 

Pyrotenax is suitable for high temperatures and where 
cnenucal fumes are produced. 

Tested Rex cables are not suitable for 
rough handling damp or hot locations; catch fire rapidly. 
^ heat from large gas filled lamps is often enough to 
rapidly detmorate the insulation of a flex. Tough rubber 
flexible cables should be used in such locations. 

Wo<^ra^sing is the most common system in India. 
Casing IS highly inflammable. It should be fixed at a 
from the walU in damp location, by mSns of 

moisture p^f disuncc pieces. There is considerable 
u ^ opposite polarity arc crowded to- 

S^lTged. insuUtion becomes 

a cheap but •h*" »50 volts. It is 

very rapidly. ^ ^ •* installed 

PreiS^ «d”.;!^^ .uiuble for domestic 

F o moist puees but not so much for godowns 
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and stores. It is unsuitable where liable to expositfe to 
ammonia fumes, as in cattle sheds. It needs more care 
and skill and costs more to install than tough rubber 
sheathed cables. 

Joints in all types of wiring are a source of w^kncM 
causing overheating or even fire. Except for joints in 
flexible %vires, soldering or proper mechanical joints shoi^ 
be made as far as possible. Any wiring should not be 
fixed close to hot water, steam or gas pipes. 

Mnximuin Intervals between Poles i The intervals 
shall not be greater than necessary for ensuring the safe 
limits of breaking loads of conductors. In over, along 
or across any street the interval shall not exceed 220 ft. 
(I. E. Rule 67) ; 150 ft, is the most common 

According to I. E. Rule 62, no conductor of an aerial 
line erected over, along or across any street shall be less 
than 20 ft. from the ground, and in private grounds or 
at a consumer's premises, it shall not be less than 15 ft. 
In the case of outdoor sub-stations in public places, 
proper fencing to a height of 8 ft. and a minimum clear¬ 
ance to the live conductors of 5 ft. horirontally from the 
fencing upwards, should be made. 

No service line or tapping shall be taken off an aerial 
line except at a point of support. (I.E. Rule 78). 

All conductors should be of copper. No insulated 
conductor shall have a cross-section less than that of one 
No. 18 S.W.G. and every such conductor of greater cross- 
gecdon shall be stranded. Flexible conductors must be 
made up so that the toul cross-sectional area b not lest 
than equivalent to No. 22 S.W.G. and they must be co^ 
posed of wires twbted together on a short lay, no wire 
Ming smaller than a No. 4® S.W.C^ . * 

Where conductors pan through floor^ they shall 
carried in a heavy gauge insulated conduit or a porcelain 
tube The floor tube shall be carried 12 inches above 
the floor line and i inch below ceiling line. Where the 
wpply b A. C. the conductors of the conduit must be 

bunched in the tube. _1 ‘.u 

All casing and capping should be served with 
of varnbh before cr^on, internally and on the back, 
and abo after erection. 
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Insulated wires exposed to sun and rain deteriorate 
quickly though the weather poof quality has over double 
the life of V.I.R. wires. Lime and distemper gradiully 
ruin the insulation of V.I.R. %vires and oil attacks the 
rubber covering of cables. P.V.C. cables stand up well 
to oil and petrol. 

Plugs (for fixing wires) for ordinary walls or ceilings 
should be of well seasoned teak or other hardwood not 
less than 2 inches long by i inch square on the inner and 
f inch square on the outer end, except for use with metal- 
sheathed wiring. They should be cemented into the 
walls to within J iph of the surface, the remainder be¬ 
ing finished accoiding to the nature of the surface ; and 
to give the cement a hold on the plug, there should be on 
each of two opposite sites two counter-bores not less than 
I inch diameter and J inch deep. Wooden plugs used for 
metal-sheathed wiring should not be less than 14 inches 
long and 4 inch in diameter on the outer end. "Rawl 
plugs’* or oAer special plugs may used. 

Where wiring has to be carried along the face of rolled- 
Mpl joists, a w^en backing should first be laid on the 
joist and clipped to it as inconspicuously as possible. 

External and road lamps should have wcathcr-Droof 
fittings to prevent the admission of moisture An in- 
dialing pi«e of moUture-proof material must 

the'fitriM ‘“’"P-hoUCT nipple and that of 

With 3 -wire or s-phase initallatiom the loading or 
owuita ihould be bolaii^. Circuitj on oppoot^ride 
of a 3-w;re system or on different phase oT a 3.phSse system 

^ fx^iWe, apart whS^S 

them mto the same room is unavoidable 

There should one main switch and me main fuse on 
each pole of each main ci^i, (other than the r^tS 
mnductor of a 3-wire circuit) at the point of entry of the 

In installations supplied from a 't.unno n 

branch switches should be placed on^the 

onl^ ^ conductors 
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All circuits are properly protected by fuses or circuit 
brcaJkcis* 

If any point has a current of over 15 ampa^ 

it must be wired on a separate circuit, if any cirfruit has a 
current rating of over 15 amps, it must not consist of more 
than one point* This means that three 5 amps* sodeets 
may be wireil on one 5 amps, circuit, but tner 10 amps, 
points must be wired on. separate drcuiis. Pravidcci the 
total current rating of a circuit does not amount to more 
than 15 amps*, an unlimited number of points may be 
connected* 

It is usual to arrange lighting points on 5 amps, 
circuit, in which case they would be wired with 3/*oagi 
cables. Where large lamps arc installed it may be neces¬ 
sary to wire for io amps< circuits using 3/»o36 cables, or 
15 amps, circuits using 7/-nag cables. 

Connections of all circuits carrying more than 15 amps, 
shall be made by means of cable sockets. 

DisiTlbfatlog BaaLrdv- Main distribution board should 
be provided vdih a switch aod fuse on each pole of each 
circuit. Branch distribution boards should be provided 
with one fuse on each pole of each circuit. Switches and 
fuses of opposite polarity should be mounted on separate 
bases. The main switch board for medium or high 
pressure supply shall have a clear space of not 1^ than 3 fi, 
in boot, and either less than g inches behind or a gang¬ 
way of over 30 inches width and G A. height behind* (I.E* 
Rule Si)* 

Teotlii^ Folarlty of Sing^le^Pole Switcliea* All 

single-pole switches should be inserted in the live eonduc* 
tors only. If single-pole switches were inserted in the 
neutral or middle wire of a circuit there would be a 
oonsiderable risk of person receiving a shock due to being 
mblead in thinking that switching oif rendered any 
appliance safe. A shock with the switch oB* would also 
be much more severe than if the switch had been left on* 
The best way to test whether switches are on the live side 
is to use a test lamp. With the switches in the 
positioni, if ihey are eorrectly connected, the lamp will 
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give R full light when connected between earth and the 
switch feed. If they are incorrectly connected there 
will be no light between the earth and the switch feed but 
a reduced light would be the result if the circuit lamps 
were left in the lampholders. 

Teatiag an Inatallatioa 


Tist to Earth —Is made with all fuse links in place, all 
lamps in position, and all s%vitchcs on. The result must 
be not less than 50 megohms divided by the number of 
outlets, points and switch positions), except that it 
need not exceed 1 megohm for the whole installation. 
Control, rheostats, heating and power appliances, etc., 
may, if denred, be disconnected for this test, but, if so, 
their insulation rewtances must, in each case, be not 
less than half a megohm. When PVC cables are used 
the values of insulation resistance may be relaxed to 

Eortk Con^nmtjf Test —In the case of cables encased 
in metal, (whether conduit or metallic sheathing) the total 
resistance of the conduit or sheathing from the earthing 
point to any other position in the completed installation 
shall not be more than i ohm. 


Test betxoeen Conductors —Where practicable, a test 
should be made between all the conductors connected to 
one pole or phase conductor of the supply and all the 
conductors connected to the middle vore or neutral or 
the other pole or phase conductors of the supply. While 
nnderpddng thb test, all the lamps should be removed and 
all switches on. The result must be 50 megohms divided 
by the number of outlets (ix)ints and switch positions), 
but need not exceed 1 megohm for the whole installation. 


^^^kage at cable ends is one of the commonest ca***^ 
c£ low Therefore, all stray ends of cotton 

thread should carcfuUy removed when connecting up 
to switches, ceiling roses, etc. 


Polai^ of S, P. SwiUhcs-^TttXs should be made to 
v*r^ that aU noo-Unked S. P. iwitcho arc on an out^ 
«^^conductor and not on the neutral or eauthed 
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Pt'oper Emrthiaf of EJectrical loRtalUtion* 

Earth Rtsistam^ ^ Vtuioas Soils : (Journal of the Initi* 

tutlon of Electneal Engimjtrs, VoL S7, page 390) : 

Onnu.-cm. 

Marshy ground *« 

Clay .. - 400—2,700 

Brick clay .. -- 600—a,800 

Chalk *. - 6,000—40,000 

Sand .* - 9,000-8,00,000 

Sandy gravel .. *■ 30,000—50,000 

Rocky mountain area * ‘ ^ 1,00,000 

For resistivity in ohms.—ft., divide by 33. 

Perfectly drv earth is very nearly an insulator, and the 
conduction of the current i* by means of the moisture 
contained in the soil and is effected by the manner in 
which the moisture is held. Temperature also has its 
effect on resistivity and, in general reduction of 
raturc increases the tigure with a sharp increaw at 0 C* 
Therefore, it is cvidcrit that one of the major factors de¬ 
termining the naisiance of an electrode is the spedfk- 
resistance of the soil surrounding it» The efiecl of 
earth resistance of a plate or pi^ can be very ™ked 
find variations as high as 14 to t have been rctordi^ due 
to seasonal variations (from wet to dry), but pip« or 
plates buried beyond. 6 ft. may not be affected much* 
When looking out for positions for good earths the 
following ascending order of reaistancy of soils may be 
kept in mind : (Journal of the Institution of Electrical 

Enmneers, VoK 1 ^, iDSS); , , * ■ r 

(i) Wet marshy ground and ground containttig reiuae 

such as ashes, cinders and brine waste, fii) Clay loamy 
soil arable land, clavey soil and loam mixed with small 

quantities of sand, (lii) Clay and loam mixed with v^ng 
proportions of gravel and stones, {to) Damp and wet 
sands fo) Dry sand. {01) Gravel and stones. 

The resistance of the (») claa of mat™Is is twice 
that of the fij The resistance of the (pi) class varies 
^nerally from 20 to 40 times that of the (i). Soil of fine 
Vexture freed from stones and compactly ^d rotmd 
electrodes improves the earth mistance. The dner the 
earth the higher its resistance. 


In common soils more 
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than 15 to ao ptr cent, mcwstiirc is not nec«sary for good 
conductivity,but in sand and gravel water logging U found 
to be csscntiah 

pure water is a poor conductor, but the addition of a 
imall quantity of common salt increaxs the conductivity 
to a large extent. The presence of a small quantity of 
salt m the water may reduce soil resistance by as much as 
80 per cent,. The conductivity of sea water is found to be 
50,000, while that of some river waters 100 and of rain 
water (before falling to ground) only about 6. 

Mfthfub EArlhiag : 

ffl) A separate earth -con ttmiity conductor may be 
run throughout the premises and connected to the neniral 
at the Supply pid. The conductor to which expeoed metal 
IS connected is termed the earth continuity conductor. 


(i) The indiiddnal casts may be connected to the 
neutral at the point of supply of the apparatus itself* 

The first mtihod is considered better. For the second 
method reliance is pbeed on the correct wiring of the 
system and on the integrity of the neutral conductor. 
A bre^en neutral coupled with a bulty piece of appiara- 
tus would produce a dangeroits condition. 

Rpe or rod electrodes have been found to be more 
efficient ^an plates and give lower resiilance for the 
saiw stumce area and cenL Rod electrodes can be 
either of copper or wrought iron and pipe electrodes of 
^vani^ ir™ or cast Lton. With pipe, the lonneetions 
□r wlhmg wire can be above ground where the electrode 
B tenced or below ground Jevel in a rmall pit, and can 
alwyj be eaamined For beeakage, and is alid less suseen- 
hble to eorreson. If at any litne the pipe „ rod is found 
M giving sufficiently low resistance, it can be driven 
deeper, but this is not practicable with a plate for which 
eiMVation is necessary. For the common purposes, a 
I in. to I !□. diameter G I ^ * 

c . cv ;■ L dnven down 

to at least 5 to ft., greater depths arc necessary in drv 

oe sandy »i^ increase m length Sas a mud, greato eff^ 
In areas liable to frost the nine hn* tr. j ^ » cuccih 
level to which ^ ^ nas to go deeper than the 

kvel to which frost can penetrate. Plates, where used. 
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should also be buried to a depth of not less than 6 ft. below 
^ound and should not also be less than 6 ft. from any 
building. Size need not be more than 25 to 30 sq./fu 

In rocky areas where it is not possible to drive dov^m 
the earth rods to sufficient depths to good moisture level, 
copper or G. I. strips or wires are used in long lengths, 
which arc buried as deep as possible (but not less than 
2 ft.^ G. I. strips can be about 1 in. X ( in. and copper 
strips I in. X 1/16 in. and having the same surface area as 
that of an earth plate. 

Whenever current passes through an «rth electrode 
into the ground there is danger of electric ffeld at the 
surface of the ground in the vicinity of the electrode, 
which can be fatal to animals as they can be killed at much 
lo%v*eT voltages than human beings. Therefore, the 
ground near an earth electrode should be fenced off. 

Materials for Earthing 

Copper stands corrosion better than iron but iron 
has greater mechanical strength and is also cheaper. 
Rust on pipes docs not change the resistance of soil but 
dry rust on joint may add substantially to the joint re- 
sisunce. Therefore, joints must be cleaned of rust. TJe 
earthing wire and the connections with earth electrodes 
should be of the same metal as far as possible, whethw 
of iron or copper. Electrolytic corrosion will occur H 
dissimilar metab are in contact in the ground and exposed 
to the action of moisture. If it is absolutely necessary 
to connect dissimilar metals, the junction must be pro¬ 
tected by painting it over thoroughly with a moisture 
resisting bituminous paint or compound. There b not 
much danger of corrosion with deep driven rods as corro¬ 
sion elements in the soil are usually confined to the surface 
soil down to a depth of a few feet only due to the absence 
of free oxygen below. The earth wire is connected best 
by twisting round the cleaned surface of the pipe tightly 
three or four times and its end clamped to the pipe by 
G I. bolts and nuts using G. 1 . washeis. (Also see Light¬ 
ning conductors in the Section on ^‘Masonry Structures**). 
Not less than the equivalent (solid or stranded) of one 
No. 8 S. W. G. (No. 12 min.) copper or C.I. wire should 


122f20 INHIAN practical civil ENGENEEJU' HANtIBOOK 


be used for making an earth eomieciion with mai, size 
up to 0.1 sq, inch- (Also see ^'Electrical Equipment of 
Buildings''—Extracts from Regulations of the Institution 
Electrical Engineers), The point in aiming at low re¬ 
sistance earths is that \t\ the case of earth fhuhs, the fuse 
at the supply end may blow and clear thr same. Thr earth 
resistance to be aimed at» for any installation therefore, 
depends on the fuse size protecting it. 

Where good earths are difficuU to get, the system can 
be earthed with water supply mains ^with at least too fi. 
of l>uried pipe) or well pipes- Such earthing is not oIj- 
jectionable with alternating currents but with direct 
currents the flow of fault currcnia in pipes produces 
electrolysis and results in heavy corrosion of pipes and 
also makes the water harmful to some extent. Gas 
mains or hot water pipes should not, howev-er^ be us^, 
nor pipes conveying inflammable liquids, to oblainan 
earth connection, as there can be possibility of exploaions. 
Conncciions to I'^ater mains for earthing purposes should 
be at the main water supply pipe and made on the supply 
side of the main stop cock. The water pipes must con¬ 
sist of mctabto-metal joinu- A perfect electrical connection 
is essential. The surface of the pipe should be carefully 
cleaned and connection made with a screwed damp. 

It is always safer to connect the outer metai covets 
of all equipments like table fans, table lamps, eleetrie 
irons, electric krttlw, motor pumps, pipes carrsine 
efeetric wires, and also any flexible metallic covering of 
the eonduetois.with wire to earth, to ensure small faults 
blowing circuit loses and ensuring safety I c rule ca 
enjoins that this be done. Metal baths and'metal sinS 
where eectrical equipments are installed, should be 
electneally bonded to the cold water pipe. Earthiw 
connections to portable apparatus are dilli?uh ,o main^ 
effectively therefore, all eleetrieal apparatus shm d ^ 
of all-insulated design wherever practicable “ 

and ■ etmolNn'g^ '^^utmene g' «“ar 

etc., shall be mnnrcleS with’ earth be^w 

distinct connections. “ separate and 
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Earth ReaUtaace Teat. For such tests, direct- 
reading self-contained sets—F.vershed and VignoUs 
Earth Testers, are now generally used, i in. dia. iron rod 
3 ft. long and pointed at one end can be used as 
electrodes. 


Teating Electric Motora. The insulation resistance 
between windings and frame of an electric should 

not be less than one megohm. Load tests should be made 
with an ammeter when the motor is working under full 
load. 

of Overhead Liaea and Polca All 

metal-work of high voluge overbad lines shall be efficiently 
earthed. A continuous earth wire may be provided and 
connected with earth at four points in every nulejeanhing 
of individual poles is unreliable. The second earth wire 
may be continuous or it may extend only to about one mile 
from each sub-statidh. In the second case it reduces 
the possibility of damage to out-station equipment by 
nearby lightning strokes. Continuous earth wire or 
neutral conductor situated below the phase conductors 
guard against danger from a falling live conductor. The 
use of wood-pole lines with unearthed ix)le-top metal work 
largely eliminates transient faults and reasonable immu¬ 
nity from lightning. The slays should be properly insu¬ 
lated both above and below the portion at the level of 
the live conductors, to ensure the fus« blowing when 
these get accidently energised, is most important. IntCT- 
ference is often reduced and reception improved on radios 
by using an earth rod instead of a coniirction to the earth 
pin of a socket-outlet or a water pipe. 


Caaaea of Fire. Failures of insulation of %vires and 
cables is responsible for the heaviest proportion of all 
electrically-caused fires. The other major cause is the 
earth leakage flowing over Inadequate earthing arrange¬ 
ments. Short-circuit or breakage igniting rubber insu¬ 
lation cause flies. Circuit protective devices should be 
capable of operation on the occurrence of a dangerous 
earth leakage, Aort-circuit and over-current. (Also 
see further). 
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l^RECAUTIONS TO AVOID ELECTRICAL 
ACCIDENTS* 

Voltasjrs of 250 or Icsa arc called low pressure^ above 
250 up to 650 volts medium pressure^ aijd above that high 
press urf. 

The average safe voltage with dry handj is 30 volts and 
with wet hands 23.5 volts, while for a person in a bath 
with the whole surface of skin contacdiig ettrrent, even to 
or II volts may prove dangerous* The effect of shock is 
lessened as voltage is reduced. Voltages of about 200 to 
500 A* C* applied even a tenih of a second may prove 
fatal. With^ high voltage, the current often flows even 
before the victim touches the conductor, and is violently 
thrown off. The heaw current rush and the short period 
of contact arc both not so dangcroiis as less heaw ancTlong- 
er duration contacts likely with modern A. C. voltages. 
The max. safe D* C. voltage is about 5 times that for 
A. C. and D. C. is less fatal than .\* C. until about ioqo 
volts when it is more fa^l. With D. C* systems there art 
fewer accidents wiih dbtribution voltages of about 220, 
but fatalities have, however, occurred with D. C. even at 
120 volts* 


The passage of electricity through the human bodv, 
parucularly through the heart, is verv dangerous to life. 
An electric cui^ent proves fatal when it passes through 

u t ^ through the body, 

the body should lie in the electric path between the two 
electrodes of an electric supply source. No harm would 
occur if a man contacted one electrode only, standing 
perfectly insulated from the other* Rubber shrjes, rubber 
mat, dry wooden board or stool are good insulations, but 
not trees, metal poles earth or buildings. Touching one 
wire accidently can be far more frequent than touching 
both simultaneously. 

Cctierally for small houstt, one neutral wire and one 
ph^ wire connections are brous-ht in bv well inaulaied 
wilts to all the poinu needed, ir we touch the neutral 
wtre we may get no shook but if wc touch the phase wire 
we get a shock. For supply to every large houses and 
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factories using motors where all the three outer wires arc 
taken in so as to give 400 volts betw*een phases, as also the 
neutral wire, the danger if any two of the phase wires are 
touched is (ar greater than if any one of the ohase wires 
is touched. Greater precautions are therefore prescribed 
in such cases than where single phase supply is used. 

The min. safe clearance from power lines should be 
8 ft. vertical and 4 ft. horizontal for L. T. lines and 8^ ft. 
and 5 ft. for H. T. lines from portions of any buildings to 
which persons can have access. Such precautions should 
also be taken with trees, especially fruit bearing trees. 
Fallen electric supply lines should not be touched except 
with dry poles unless declared to be dead. When a person 
has touched a live wire and cannot extricate himself, 
the current should be switched off atonce, but if that would 
involve more time than pulling the victim away, do the 
latter by taking the following precautions : (i) Use a 
dry wooden pole to push away the wire ; (it) stand on 
a wooden board, stool, chair, books, rubber mats, rubber 
shoes, coir matting, three or four layers of cloth or papier, 
to pull off the victim from the li\T equipment; (in) hands 
wrapped in a few layers of dry thick cloth or pap>ers or 
rubber gloves can be used for releasing the victim ; (ip) 
pull him by his clothes, if dry, or (0) use a rope. All 
the articles used must be dry. It b equally dangerous 
to handle the situation without precautions. In the 
case of H.T. equipments or lines, extra care and pre¬ 
cautions will be necessary. 

All the labourers engaged on work should be made to 
understand the necessary precautions for handling wires 
and other equipments and permanent gangs should be 
employed as far as possible. Use of safety belts, rubber 
gloves, gauntlets should be encouraged and proper 
lighting arrangements made for working at night. No 
person should work on lines or poles within 6 ft. of 
any overhead H.T. lines unless the following additional 
precautions have been taken : 

The circuit to be worked on should be sw'itched off or 
links or fuses opened or locked in the “off** position. 
After switching off the supply and before touching the / 
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lincs^ all conductars should be tested for pressure by a 
discharge rod ; the discharge wires should be kept at least 
a ft. away from the man. All the conductors should 
then be short circuited together and adequately earthed ; 
this shall be done at two points one on each side of the 
place where the work is carried out. Poles on w hich work 
is to be actually carried out should also be earthed ♦ All 
tools and equipments such as, gloves, belts, gauntlets, 
ladders, earthing devices should btf periodically examined 
for htness. (Rubber goods should he presen''ed in French 
chalk.) 

Common sources of danger from main supply lines:— 

(t) Failure due to rusting of galvanized wires exposed 
to sea breeze. 

(ti) Use of an insulator of an inadequate size in art 
H. T. line ; it can have a Bash^ver melting the copper 
of the conductor at the point of dash and breaking the 
conductor* 

(ijV) Accidently energised poles and stays due to in¬ 
sulated wires dangling from the lines, Iwing their insula- 
non and making accidental contact with the poles or stays. 
Stay wires pacing between live conductors are liable to 
cause danger should they get slack in course of time. Polo 
not erect causing slackness m service wires or rusty or 
rotting poles and dangling aerial fuses which make fuse 
replacement difficult. 


Elwtnc Shock* tad Treatuent. Ariificial Rejpiratinn; 

ir no .mmrfiatt medic:,) i, available and ihc 
patient w not brewing, artificial respiration should be 

revives or is diag- 

Brstttnminut«andtgJSp™ra□n^n?'“T^ ■" 

actifieial rspiratioo than“l™TnV3ir’"o r‘' 
taking the ^itLen. ,o a ^ 

The easiest method of artificial respiration is to orrss 
the lower portion of the chest tnw>reta r 
and release i ■ from the two sides 

and release alternatively , m the same way as happens 
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when nnrmaUy breAthing^ to the rhythm of the breath 
of □peretor thua forcing air out and in until normal 
breathing is fully reatored. The pallint is laid down 
pronfr—on his abdomen with one arm extending straight 
along his head and the other bent at the elbow forming 
a rest for his head so that hLs nose and mouth are free to 
breathe. Kneel over the patient with your lege astride 
stradling his thighs and place j'our hands on the small of 
the back with Tingerfl spreading drtwn to the last rib^ with 
amts held straight swing forward gently bringing your 
weight to steadly bear on the patient^ thus compressing 
his chest and abdomen. Then swing back quickly 
removing the pressure entirely but not removing your 
hands. The above ahould be done about twelve to fifteen 
times a minute swinging forward when you breathe out and 
backward when you breathe in, making the patient also 
to do the same. Avoid vbleut Jerky swinging forward. 

Fires Caused by Electricity 

Fires start with the unusual heat caused by the passage 
of electric current under abnonnali circumstancea. Bad 
installations, poor mateTiala, deterioration of insulation 
or accidental damage to wires or apparatus resulting 
in ahorU, sparks, leakage or sustained overloada are the 
common causes of the unusual heat. Exposure to eio^ve 
heat, moiaturo or mechanical damage ^ouU be avoidfid. 
Joints in wiring cause overheating and sometimes 
Presence of readily combustible matedals or explore 
gases near "faults” are very dangerous. Special 
precautions are necessary in garages. 

Petrol vapour is about two and a half timw h^vier 
than air and collects on floors atui inapection pits. Switch¬ 
es, plugs, light or other fittings should be fixed at not lesa 
than 4 ft .‘0 ins. above the flMr. Stain ewitchw and cut¬ 
outs of dwelling houses should not bo fixed in garages. 
Conduit wiring and C. T. S, flex (instaad of ordinary flex) 
should be UKd in such localities. 

In all dust laden atmosphere the lamps should be 
endoasd in dust-proof outer glass globes. ExploeioDS have 
occurred with the dust of cork, linseed, deictrin, sugar, 
ooooa, ebareoaJ* coal, lampblack, malt, snlphur, wood 
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flour amd Boch other m&teri&lB, and of fibioiia materl&fa 
like cotton'voo], kapoc, paper-pulp, etc. AH electrical 
fitting? should be excluded from such rooms and vacuunt 
bnlba which are cooler than gas filled ones should be pre¬ 
ferred. The deposition of dry cellulose spray paint on 
even flame-proof lamp fittings may lead to fire. 
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Appromcb ilab^ brui^Wp 19/21 
AproDp 17/15, J37i 18/W 
A.P.M*. oallet. 17/125 
Aqua privy^ l#/«8 
Aquoduct, 14/39, 33; 17/11, 133 
Aquioou* rool^ 12/22 
Aqui&r, dof*. 15/27 
AnbM 

^rick, 7/30p 82; 20/7 
—biidgofl^ lO/i, 30p 44, £3 
—o«Dt<iriAg? of, 7/32, 34 
—'Oulvorto, 19/50 
—flat, 7/32 
-^aokp 7/33 
—•kflif, 7/S3f 19/41 
—•bon*, 7/31* 93 
— tt/ildng of, 7/34 

Aiaeaio Ln louaiuYp 7/69 
ArteruL roa^, d«r, 19/4 
Artoaiaa 15/191 

Aaberto*, 1^16 
—Mmflnt, 12/IS 
—pipes 16/79 ; 18/22 
—toof ibeela, 11/30 
Ai4iUr mavomry, 7/92 
AjpibaU. 7/0; 13/12 
—ouatH* 7/90; ^123 
Aiqibaltia concntA, 13/11, 80 
—voaoadam, 1^9. 195 
Aseembly ball, dHagii, 21/3 
Aodiboriitiii desi^ 21/3 
Aitgar bcriny, 8/44, 43 


. 19/17 

Ba«k blowiq^ of »nij, 13/lift 
Back diop nuuibole, Ift/U 
Back-fill earth. 7/SO; 19/19 
Back-waahiDC* tube- vdHi, (5/ 
Backwater, 19/7, 25 
—ourve, 17/10 
Bacteria tn Iftrag 

-in ’■ater* IS/C 10 ^ 

Bad year TaiafaU, 17/108 
Bamj-waDa, ifl/ee^ 7s. 98 ; 17/ 


Bai I plu^, tube wells, 15/112 
Bailer teat, welta, 10/103 

Bajrif. def. p l8/0 

Balancing depth, eacsntiufi. 
17/79 

—tank* irrigatieiip 17/4 
BalcociiM^ d«%ii, B/02, 69 
Ball rooioa, deeigUp 21/2 
Ball tape^ 10/03 
Ballast, def.* 18/10 
—beick, 12/6; 20/4 
BoUist, battens, ll/t7 
BfJuatradesp desigUp 3/04 
Bsndaliing, der* 17/20 
Benka, eiartbeii, 7/30; 17/19. 53, 
03-75* $6, 106* 133; 18/7* 18®: 
£1/18 

guide* riveis, 17/19 
Baaking, rckada* lB/3p 109 
Banquettep def., 17/86 
Ban*iniD,der., 9/161. 183; 2i/3l 
—areas, wei^bte, 4/3; 8/167, 108 
—R-fX, beudiog* 8/18 
—atesl, teeticg, 0/8, 1ft 
Barbed wire, 4JE7 
Bar^ board, roof*, 11/33 
Baniua ploater, 12/15 
Barlaw t^lea fer flow-olT, 17/137 
Bam sewage, 16/90 
Bacoea' fanfiti la. How in sewers. 

14/24; 16/37 
Batrsfle def.* 17/14 
Barrel (Kit Jet. 17/130 
Base eoatse. rcsds, I S/6,76 
Base* def.p 17/8 

Baee period, irrigation, 17/113 
Base* roads* 13/19* 1«5, 109, 103 
Base Exchange method* 15/10 
Basic rack* 12/22 
Basina, lavatory, 16/35 
Basin, Irrigatiori, 17/4* 103* 
Jfl/5L 

Batted design* 9/9 

— ^R.C., 11/20 

— —WDoden, 11/9* 29 

Batter boards (or eacsvatinn, 
16/24 

Bexin fdnaula, 14/13, 26. 32’. 
10/40; 17/4* 

Beach balls, drainage, 16/4t 



INSEX 

BecUDA 

—bending nvonuMiU, 3/lE 
—-curved* 3/23 

aci>ctioDi, 3/7 
—R.S, Jobto, 4/3 
— R.C., 8/20 
—etrengih of* 3/S 
— «tooeii, of* 12/33 
— T—R.C., 8/33 
—limber, 9/9, 10, 23 
— troaoed, wooden, 0/23 
Bearing^ 

— bridge*. 19/32 
— On walla, 8/22 
—tru»e«, roof, 11/10 

eoili4_fta9, 

Bedpliitw. 11/7; 19/33 
Bedding pipe*, 18/3Q 
Bedding plane, 12/22 
Beir* fonntila for retacnina walls, 
7/39 

Bell biuida, l?/!^ 

Benching, atepping, l|/7 
Benching, aewen, 19/43 
Bending ban, 8/18, 89 
Bonding momento io 

— beama, 3/11; S/21 

'— culvert rings, 19/3S 

-pipes, 13/40; 19/03 

Benda in canab, 17/82 
—pipes, U/2S: Ifi/Oa, 72 
Bent pier, 19/31 
Bermii^, canatf; 17/19 
Berta* in canab, 17/19,70* 84,107 
—nwda, 18/9, 14:3, IflO 
Bernoulli's Tbeonui, 14/2S 
Bifurcation gate, 17/11 
Billiard rooni design, 21/2 
Bioder, roads, 18/11 
Binnie'i mlea far nan^nff, 17/106 
Biological film on water, ]5/i4 
Bittimea, 8/122; 18/11, 12, 07, 

08. 93 

—cdnnt; 18/80 
—tnjeiDts, 17/9(2 
— uinting mofa with. 7/54; 8/128^ 
138; 11/30; M/17 
Bitumineua cetneat, 18/11 
—cosondam, 18/5 
^paJntBi, 8/130 


3 

Illack'boatds for achoob. 3t/£ 
Black (cCrtton) iOit, 9/18, 02; 
27/lOQ 

Bbck powder, blaatine, 12/35 
Black aheet*, Steel* 4/32 
Bbndford rale* fcvr nLinfall,l7/]08 
Bbsting, rocka, 12/34, 37, 38* 42* 
20/20 

Blastizd cotton* 12/30, 37 
— powder, 12/35 
Bleeding, oonccete, 8/74* 191 
—roada, 18/31 

Bligb‘e; Creep ThHn', 17/137 
Blindage, roads, 11/13, 50 
Blind pipe* 10/12 
Blocks, 7/54; 8/94, 149 ; 12/7; 
21/15 

Blowingof soil, 9/95, 99; 19/14 
Blnw-dlT valvea, 15/81 
Biue-priiitijig, 21/18 
Bog, dcf., 0/20 

Boiling up of soil* 9/85; 19/S4 
Belts and nuts, 4/22, 24; 21/18 
B. Q. D., 19/94 
Bcmd sireae In oonerete, 8/15 
Bone cbarcoal, 10/9 
Boning rods, 19/24 
Boosting water, 15/32, 40 
Bore-hob btiinee, 19/91 
—pumps, 15/95 
— ^Us. 15/100 

Boring, foicndation strata* 8/44 
Bormg bole*, 12/38; L5/100 
Boring tube welb, 15/109, 119 
Borrow pits, 17/98; 18/188 
Bottoming of roa^ 18/11* 15, 
41, 194 

Boiildnra, def„ 17/35 
Boulder* well, 15/122 
Bfiandaj^ ditoh oharme^ 17/89,88 
—tnmeh* 17/99 
BouieenesqY formula, 18/149 
Bax oulverts, 17/135; 19/52 
Boa's fotiunla for pipes, 15/59 
Braci&ga, oolanuu, 19/D 
Brake horse power 15/84; 22/3 
BmichcaiuoecitJonJ, Bewna,E9/3f, 
41 

Brass, oMtal, 5/21 
—pipes* 10/59 
—sheet*. 4/19, 33 





BrMchM Ln rAMl*, IT/BA 
-mab^nkm^nlt* l 7 /ifi> 

BcHChln^ ■ee-tioni rnibahk- 

Breaking (itodnell me-LaU 20/4, 5 
Bresk poiriit chlormdtion, lJI/17, 

IS, 1® 

Brf*k-prepiuTe tanka, JB/2.0 
Break-wnLon^ Sl/B 
Bre«at valh, 7JA5. 47; 17/1S 
Brenn briekn, 12/17 
Brirks, 12/3. 4: 20/7 
—ngsrrgRte, s/93 
— fc^last QT mel*l, 12/Sr Ifl/wS; 
20/4 

—fkniing, T/Sl 
-kilni. 20/IS, 19 
—manufflclu*^, 12/4; J7/S9 
—p«vrinecLta» 18/lSO 
^piem, 7/12. 13, 21 
—nolicB. lS/42 

_atrengtli nf, 7/17,19,30; IS/i 
—guard* fnr trrea, 13/5 
Brickwork epeeiflratiDAP, T/94 
—reinJorved, S/I55^ 20/9 
Bridge, mpproachea, 19/5 
—. areh, 19/39, 44 
^-IcKiiidation* Oa piln, $/Sl 
—girdria, 19/43 
—alab, 19/SS. 37 
Bridle pstba, 13/1.17 
Bronte, metal, 5/23 
B, T. IT. 32(4 
Broad Imgatiom, 18/90; 17/5 
BnKhnUig, concrete plain, lB/131 
Broges' formula. 14/ 23 
Bnwc4. painting, 11/Bl 
Baekling factor^ g/40; LO/2 

Building atonea, 12/24, 10 
Bulking of sand, S/97, 10 L 
Balldoter, 18/18 
Bund*. L7/20. 75; 19/14 
Ilno^'ancy, 7/44: 19/:! 7, 0.7 
Burning faricka, 20/18 
—chareoal, 20/20 
—Umealone, 20/18 

Bathing, eanala. 17/70 
BnttreM, 7/13. 13. 47 
Bye^palM, TCHlda, del. 19/4 


C 

CaiMona, bridgu, 19/18 
C^tciiiTn carbonate, upea, 21/5 
—chloride, g/123, 128; IS/122, 
134 

—bydm-Oxide. 8/76: 15/10 
apita in water, 15/7 
— mlpbate for Poilit, 17/195 

C.B.B. teat, 6/38; 18/149 
Camber, roadt, 18/1^3. 109 
— roof truaaea* 9/lS; 11/10 
Canal*, rtefr, 17/3 
—banka, 17/19, 85. 100, 133 
— denign!, n/79 
—locka. 14/31 
—maintenance', 17/107 
— pmjecta, 17/93 
—remodeliing, 17/111 
CancpLca, deaign, 8/80 
C-antikivera, R.C-, 8/ 09 
Capacity. canciU, 17/0 
—of lewera, 16/23 
^Hlf welh, 15/102, 103 
Capacity^Fftctor, eanala, 17/8 
Capilirrrity, 8/8; '17/21 
Capillary fringe, 16/07; 17/21 

— water, 17/21 

Capital Recover^' Factor, 29/25 
Carborundum atone, 8/110. 154; 
12/17; 20/9 

Carpete, roodf. 18/6, 75, 76, 78 
Carp, piaiw, 19/178 
Carriage of maUffialt, 29/21 
Caacadea, water, 15/22 
CaaB-^burdaning. 5/14 
CaPt Lmn, 5/4 

— — cahtn^, 10/4 

— "pipei. 15/49, 70, 18/S2, 

41, 59 

Caatinga, 5/8,7 
Oteb pita, 19/41, 40 
Oatehmant area. 19/3; Jfl/fl 
Caterpillar track. 18/17 
Caulking of pipe*. 15/51 
CauPCwaya, 19/44, 48, 54 
Cauatic linw, 15/22 
— POda, in water. lS/10, St 
^ —in painta. 12/58 

— — La toilet, 16/59 
caring, dof., 17/21 


C«vi(y 7/iO 

—wvUb, 15/LSl 

Ceilings, 7/59 
Ollw, dMigQi 8/M 
OUiilOM points, 11/49 
Cvnoaot, 8/80 

12/LO 

■—bouxkd tnsuad&m* 18/117 
^^ooocn^t«. 8/52: 12/18; £0/3 

-plp«, 15/7Ji: 18/22, 88 

-- —rouU, 16/104, 195 
—ETQUted mticAKikm, 18/125 
—grouting, 8/113, 185j 17/74 
—gun, 8/137* IJfl 
-^lydration, of, 8/78, 84, 123 
~/lim« mortar, 7/28, 70. 73i 
12/40 

—lined pipe*, 15/78 
—ma«tic* for iralor-proorinf, 
11/31 

—paioU* 7/11: 8/120 ; 12/80 
—road*, 18/104 
<—/und tnortaf* 8/89 
—^tabili&atiorv. 18/133 

- waah. 8/88, 120; 20/12 

CBnt4?rijigi of archea, 7/34 
—conciDte work* 8/115, 147 
Contrifugal force* 19/2H 
—puinpa, 8/85; 15/88. OO; 18/87 
C^Apoou, 18/73, 0? 

Chaillv’e foramla, 17/28 
Chaiiung, 18/158 : 41/35 
ChaUc, 12/28 
Chaimela, def., 17/3 
—aottioas. 4/19 
Charcoal twming, 28/20 
Ciieclc valve, 15/85 
Choeco). 8/130* 148 
Ch^itlic^nl lutEuea of aubetaoeea* 
Sl/5 

—pncipiUtion* aowagr. 18/79 
—toilet, 18/58 
Cheiy foTtnult. I4.i'28 
Cbiimiey*, 7/18* 80, 82: 20/19 
Chipa flooring, 8/152 
Chipping*, atone, 18/9 
Chloramine, 15/18, 20 
Chloride of lime, 15/18 
Chlorination* 15/4, 8* 18 
Chromium plating, 5/17 
Church, design, 21/3 


Chute, def-, 17/1L 
Cineniii, deuign, 21/3 
Cinder couctet* , 8/03 
Cipoletti weir* 14/15 
Circle of LnfltieDfie, well*, i3/188 
Circular ■ewers, 18/19 
--^lahl* BnC--* 8/33 


Ciatemi* water rtorage, 15/33, 15 
CUrification, water* 15/12 
ClaATitn* 18/78 
ClaeaLricatino of cnspi, 17/115 
Clan-raom, de«|pa. 21/30 
Claicbon Fidlor formula, 4/l8 
Clay* 8/3, 15; 8/78 i J8/29 
—hlwka, 14/7 
—for hricku. 14/4 
—puddle, 17/73. 89 
^^ft, medium, hard, 20/ 2 
—foil, 16/93 

t«l* 12/4; 15/109; 18/29 

Cleaning eye, »il pip«, 18/48 

Clcarcofr, I s/49 

Cleavage planet* ftoneS, 12/34 

Clinker, 12/18 

Cluster* ranak, 17/119 

Coagulation, L5/9, 14, 42, 48 

Coal, 12/18; 40/20 

Coal tor, 7/0* 11: 9/8 * 18/10, 


58, 64 

Coal tar cnsoaot#* 9/5 
— —paints, 8/118 
Coal tarring, 14/01; ^/IT 
Qo-efTicient of eipMaion* 3/10 
—of linear expansion. 3/11; 5/23 
8/144; 18/115: 19/29 
—of frietion, 7/36 
—of mgoaity, canala, 17/38 
—of aub'grade reaivtance* 18/147 
—"n”, vuluca of* 14/21* 17/32, 
49 

Coffer dama* 19/13, 14 
CohewiDa, aod, 0/5 
Coke, 14/L8 
Coke breeze* 14/L7 
ColabA, outlet. 17/120 
Cold weather ooneretiEig, 8/124 
Colloide* 8/18: 10/07 
Colloidal concrete* 8/139 
Coknira* ab»rptiiDU of beat by* 
21/20 

^efCect on light, 2L/21 


Cvlotin naflection* 21/fO 
‘-waabing, wall*, 7^3; 

—in water, is/4, 8. 12, SI, 3S 
Coloured cement, S/fil 
—floors, S/J53 

Column*, def*. 10/2 
— benta, piem, loyaa 
— t brickwork, 7/1 a, 24 
—. eort iron., 10/4 
— . olToctive lengtlu of* 7/22*24; 

—-Wings. e/JHlj fl/44 

—I R^S. joists, 4/10 
— i safa l^da on, a/*l 40, ;jj /4 
— r 10/4 ^ 

—-Wooden, 8Ml 
Command, caiul water, l 7 /fl 
^mmon aslt in concrete* S/I2S 
toooretfr, 0/73, 

lie; 18/130 ' ’ 

~ ^aoil, 17/60; lfi/30* 30 (sea 
* 1*0 CoMobdstion) 

Compacting factor lest* 8/73 
Compound wall, deeign, 7/20 
C^cntriition tima* storm, 18/4 
Conmte in alkaline soQ** g/la-i 
—-battens, 11/26 
— -bridgFs, 19/M 
—-™™t, 8/52; 13/iaj 2e./3 
—-dOMitlng in water* 8/113 
—pflnishiog. 8/110; IS/Lil 
—in foundations, 8/52 

— mijcetn S/lOS, 109; 2m 
■—pUe«* 0/77 

— pipe*, 16/78; lB/22; lB/54 

— I plumb, 7/04 ^ 

—, prcwrtiea of, 8/72 

^ roads, 1&/H>4 
^mlled, 18/120 
— , t***. «/5»; 0/8, 73, 77 
-“,wet, weight, 0/117 
—working streBar*, g/g 

Concreting under water fl/iia 
Condensation* 7/8 ' 

Co^ctivit^’ of heal, 

Condutt* pipe, 


INDEX 


Ctmo of ddpreasiOTi or de^letioD 
of well*, 15/108 
Conglomemte* 8/28 
Connection from water mains, 
15/53 

ConaervBtioci wark*, 17/22 
Consistency of concrete, S/73 h 
77* 101 

Conmlidntion, 8/7; 10/62, 130 
(ace also Compaction} 
Oonstmetidn joints* 8/L40: 18/110 
Consumplion of water, 16/35 
Collect bed*. Sewage 18/81 
Coniaminaled water, !6/4 
Contrncted weir. 17/13 
Contml point, irrigation, I"/14 
Controilli^ concrete, 8/101 
Conveying concrete'* 8/112 
Copper* 5/20 

—in drinking water, 16/4 
—pipes* 16/77 

—sulphate in water, 16/4, 22; 
18/47 

—sheet** 4/lfr, 33; ;i/24 
—wire** 23/10 
Corbelling, 7/2T 
Cordite for blasting* 12/36 
Care,walls, 8/62; 17/19, 66, 62, 
87*71*72 

Corrosion of reiiifarcemeDt* 8/US 
—^ pipn. 16/78 
—of steel* 6/85: 12/43, 44. 48 
^’TOsion resistance, 19/33 
CbiTCriivB waters, 15/7 
vorfngated iron sheets* 

—pipe culverts, 10/SB 
—roofing, 11/34; 20/18 
—strength of, 4/30-* ll/fl 
—weightier* 4/20, 31 
wrmgationa on mad*, 18/10, f I 
^Icmb'* l\-cdge theory, 7 / 36 - 39 
Connterfort** 7/47 
Cowl ventilatiou. 7/97; 18/46 
Crack* in Coaewte, 8/134* 164 
repairs, 11/31 

J^ddle for pipes, 16/45; 18/17 

far ttonn, 7/59 
Cr»*«, 19/61 

In concrete, S/iJi. 153, 
IW; 16/15, 21 

»/18); 17/21* 137; 16/15 
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Crieo0oto,6; 9/l2/fl3 
Cnpt'iwaySi 18;dK 124 
Crib«, bVidge«, 19/32, 4U 
Crib dam, 17/19 
Crunp and Bnigo ‘0 fannuUl, 14/23 
CriticsJ distil, n/fl 
—ftewf. IT/S 

—int^naity of tniiLTalU 16/4 
^velocity. 15/86; 17/6, 2*, 30 

Crop inteifflitv', IT/” 

—ratio, 17/7, 112 

Crop* plattification, IT/HS 
Crm drainage worka, 17/10, 133 
Crow falla, 18/7, la6 
Crma wslb, 7/£0i; ^L/l4 
Croaaing, railw«>'a, IS/lM 

— roads, IS/m 

—severe, l 6 / 3 l 

Crowfoots, atone*, L2/23 
Crowngtsaa, ltj62 
Crown, roads, def,, 18/7 
Crump'a outlet, 17/L2A 

CRishmg Btrenfttli of 

briolta. 7/14; 12/5, fl 
—, concrete, 8/10 

Cult unable trrigabln arOa, 17/7 
Culverts, 10/10. 49. 63 
Curbs, walla, 18/118; 19/13 
Curing, 7/flO: &/J38, 1B2; lH/121, 
IS7 

t^urrent matera. 17/52 
Curtain walla, 17/18; 19/84 
Curved bouTna, 3/23 
—roofs, 11/20 

Curv'M in cAuala, 17/82 
—in roads, iS/ldl 

Cuaec dav,. def,, 17/8 
Cut^backa, 18/U, 68 
Cutting Ft.C, bansi, 8/19 
—pipes, 15/54 

Cut-ofT treneh. 17/19, 72» 74 
Cut^off wall, 17/63, 72, 138; 
19/45, 85 

Cut^water, pier*, 19/24 
Cyclt trneka, 18/181 
Cylindera, brid^ foundation, 
19/17 


DAma. 7/87. 90; 15/29. 17/53 63 
Damp proofing, 7/4; 20/17 
Damp wnlU, painting, 12/69 
Day ouaCc, defr, 17/8 
Doctntntion teat for sand, 8/05 
Xhh^y in limber, 9/4 
Dcoking, bridge*, 19/39 
Deepw^U pomp, 15/95 
DeOrolion, H,C. alaba, 8/23 
DaUqiieBcence, defr, 17/22 
Delivery liead, 15/86 
Delivery pipe (pf pumpa, LG/85 
Delta. icTigat ion, 17/8, 113, 115 
Demand of drinking water, 1S/JS 
Density, def., 6/5, 7, 8, 17; 8/101 
^^f papulalion, 15/37 
—of silt, 17/34 
—of tralTie, 18/142 
DopreojAtiofiaon scbeines, 15/123; 
*0/23, 24 

Depreaaion bend, def, 15/100; 
17/129 
of 

■^naniijcls, 17/79 
—drains and anwaf*, J6/7, 9, 
11. 13 

—footings, 6/51, 59; 6/38, 44 
—outlet*, 17/123 
—pavements, 18/141, 145 
—plor*, bridges, 19/25 
—water-Muraes, 17/81 
—water mabiB, 15/35.41 

Detention bulna, aewnge, 
17/105 

DstcHiaration of cement, concmte 
8/88, 133 

Detana-tora, blsating, 12/3G, 40 
Detour^ mads, 18/5 
Detritus, deb, 17/16 
—tanka, for sewage, 16/77 
Diaphragm wall, 17/19, 71 
Dionronutte oxidation nKthod, 
18/136 

Diesel engine, 15/88 
—rollers; mad. 18/37 
DiffliBTr, 16/86 
Dike (a« Dyke) 

Dilution of aewage, 16/89 
Diluvduxn, roek, 12/23 
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Dipl, ini»di, 

Diicliir^? obiervition mtithcxli, 
17 /M 

—pipe*. {tibln)r 

Dmnt«;p«eioit or madi, iH/tQ 

Hgoat for oonct, 8/130 
Diipooal of iulU^, lfli'7* 
DiiicmpiTiDg, 7/75: 20/12 
Diitxibutaiy, def.^ ]T/8 
— , d6ci|^, 17/80 
Diitribution of 

—drinkinit water, 15/30, *0, 60 
•— cBJial water, IT/4 
Ditch channel, dcf.* 17/4 
Diwrston ilam,def„ 17^3, 14 
Divenitm worki, 17/JI, 137 
Divining wateT^ (5/88 
Docks, 21/5 
Dolphin, 18/05 
Domestic storaRV tank*, l6/31 
Doors end windows, 8/25; 20/13 
Doatng ebaitiber, Kwage, lfl/71* 72 
—tank, lfi/7B 
Dowels, a naja, 17/Sfi 
—Ura. 8/18; 16/118 
—for fixing, 7/58 
Down pipea, 7/8; U/32 
Dowaine water, 15/68 
Drag, def., 18/17 
Drugging, drf., 18/S 
Drains, of concrela, 8/132^ 10/16 
— dMign, 16/7, 8, It. 13, la 
—. domeatio and holMe, 10/8, 
13, 47, 50 
— , fluBjiiiig, 10/n 
Drainage of dama, 17/75 
—hotn, 18/38, 38 
—, roadp, 18/188 
—, n»K 11/11 
— achemBa, 10/84 
— , auh-Boil, 18/23 
— ,aurface, 18V23 
—ay^emt, I S/7 
Drawing pai>erB, aiaes. 21/22 
Drilling wells, l^lOO 
Drinking water, q.UBliriAfl, t5/a 
Drop, Canals, def., lT/12 
—manhole, 10/43, 68 
—panel, def., 8/182 
—walla, tS/U; 18/52, «4 
Drowning ratio, outlete, 1 7/6 


Dry crop, 17/7 
Dry retaining waUa, 7/40 
Dry rot, tin^r, 8/5 
Drj' wenther flow, 10/8 
DryS, itone, 12/23 
Duehemin formula, n/4 
Ducta, underground, 18/186 
Ductility, 5/2; 18/01 
Dumbell pier, 18/05 
Dummy jointa, roadi, 18/117 
Dun^s Drainage Table, 16/0 
Durability of oancrete, H/T6 
Dutch pile formula, 0/73 
Doty of canal water, 17/8, 6,112 
Dwarf wall, 18/45, «4; 21/5 
Dykea (or dikes), 12/24; 17/28; 

10/55 

Dynamite, 12/35, 48 

E 

Earth, 0/17 
^-Iplaort), 1/8 
^Atlger, tS/Sl 

—troshion, 16/18, 51, 53, 57 
—pit latrinH, 10/61 
—prcRaure, 7/35; 15/26 
—Eoadft, 18/141 
^work, 12/7; 28/2 

Earthen embankmOnU, (m 
Hanks) 

Earthenware, 12/T 
—pipca, 12/7; lflJ2l, 28, 57 
Earthing of buiidltlga, 7/84; 
£2/23, 24 

Earthquake-proof atrueturel, 
7/4; 21/7 

Eaaewater, pien, 10/24 
Eaves boania, l]/33 
Eccentric loada, 8/41; 10/7 
Econnmic depths of digging, 17/78 
—asotions of beams, 1/7 
—now in water mains, 15/47,83 
EETectjve grain site* 8/'02 
EfTeetivc length nr height, 7/14; 
8/44; 10/5 

E^loTTsccncfl, 7/7; 0, 87; 8/80; 
12/4, &i 17/103 

Ep^-ahaprd aewen. 10/20, 33 
Ejeetora, sewage, 15/88; 17/150 
ElatticLty, 3/2; S/3; 0/3 


Elwtic limitt S/£ 

—modulii*, 8Jffi 
Elivtric mccidMili, 

—liftlit. 2tin 
—polcu. ^ JA/ISB 

^power* 15/88 

El«ctroplntin^, fi/L? 

El^viit^ t«nk«, wnt^r, 8/W; 
lB/31 

Etl-warPiBc fl/S3 
Embanktnenta, (■« Bantu) 

— 17/&B; 23/3 

Emptying tanka, t)in« taken, 
14/52, 15/49 

Emuliiionn, 18/10, 59, 69, 92 
Energy, def„ J4/3S 
Equivalent pipe li-ngtli*, 15/61 
Ernaiuii of channel*, 17/£9, 28 
lOiL, n/lCMS 
Eaeapen, canaw, 17/13 
Eternit roof elatea, 11/33 
EulerV formula, 10/4 
Evaporation of Tainwater, 19/9 
—loaaea of canal water, 17/94,97 
E^ceavation for WTrer*, 19/24 
Eait gradient, velocity, 17/137 
Expaiwd metaU propertiea and 
of, 4/40; 7^55, 60; 8/68; 

9/25 

—partition*, T/53 
Expansion of oouorete, ■t€>e1, 

3/11; 5/21; 8/7% 18/115; 19/29 
—jolnta, 8/15, 142; 18/114; 19/53 
Exploration of fbundation strata, 
9/41 

Expkwivea, 12/34, 41 
Eytelwcin^a fortnula, 14/24 

f 

Face wall, 17/15 
Factory roof*, U/23 
Faculativa bacteria, 16/89 
Failure of embankmmt*, 17/65 
Falw work or ahuttering, 8/113 
Fazu cofuuinptioB, 22/8 
Fat lime, 12/10, 2® 

Fatigue rupture, 3/4. U 
Feedcra, canala, 17/3 
Fencing, 8/96; 19/4; 21/18 
■.•■poate, 8/66 


WPEX 8 

Fenoingwlrea, 4/26 
Fonder*, bridges, 19/4, 69 
Fender kerb*, def,, 18/15 
—pjlfo, 17/18 

FcrTOul eulphate in water, 15/16 
Ferro, tv-pe printing, 21/18 
Ferndeo, 15/53 ; 19/66 
Fertilizor, Zoila, 17/24 
Field channelfl, 17/3, 81 
—command, irrigation, 17/81 
— mix, concrete, 8/153 

Firiers, 12/54; 18/13,39 
Filter beds, oewagc, 16/60 
FjltarO, water, L5/23.29 
FiTtOriug head, 15/26 
Filtration, 15/6, 14,15, 23, 25; 
16/89 

Finencaa moduilus, B/108> 162 
Fine aggregate, 8/90, 94, 104; 
18/85 

Finishing concrete^, 8/119; 18/121 
Fire bheka, 12/5 
-H^Iay, 12/9 

-pipea, 18/21 

—demand of water, 15/37 
— hydmnta, 14/33; 15/56, 57 
. —places, 7/69 
—^prDofrng, 9/8 
— —limber, 0/8 

Firea by electric, 22/37 
Fith l^der or fish.-way, 17/18 
Fishing tool, tube weUa, 15/112 
Flag poles, 21/20 
.-atone*, Lf/23; I S/15 
Flank well*, 17/15 
Flared walla, 17/19 
Flash board 17/16 
—poiot, tar, 18/16, 6l 
—eet, cement, 8/162 
FUxhlng*, roof*, 11/25, 26 
Flat arch. 7/82 
^bar«, ttecl, 4/38 
—roofa, 11/2, 26 
—ti*Sr 4/20 
—water, I S/8 

Flexural ttrongth of concrete, 
8/8, 78; 18/152 
FlezurO uf beama, 3/5; 8/7 
Flint glaaa, 12/93 
Float gauge, 17/17 
fkKxr*, 20/9 


10 


INDEX 


Float, run, 7/18 
—, te«t tar, 18/6S 
—, velocity, obMrvation, 17/40 
Floating eoocrota, 8/162; 18/120 
—foundatioita, 6/60 
Floo, 16/16, 16 
FloccuUtora, 16/14, 15 
Flood diacharge, 16/4 
—irrigation, 16/4 

Floor*, brick, 7/80; 20/8, 0 
—, concrete, 8/66, 150; 80/8, 9 
—, flagged, miuble, 7/81 
—painta, 8/164 
—.weir*, 17/137 
—, wooden, 0/21 
Flow off, oatchmeota, 16/S; 

17/107 

Flow in pipes, 15/68. 

Flues, chimney, 7/62 
Flume*, outleU, 17/118126 
Fluming, 17/118 
Flushing, cisterns, 16/53, 65 
—of diwins and sewers, 16/14 
—pipes, 16/67, 60 
—tanks, 16/14 
Fluxes, .soldering, 5/82 
Fluxing, bitumen, def., 18/13 
Fly-over, roads, def., 18/5 
Footings-design, 6/51, 64, 60; 

8/38, 44. 71; 10/7; 21/10 
Foot-paths, 18/111, 161 
Footways on bridgiB*. 10/4 
Foot valves, 16/80, 86. 01 
Foce-ba^, 17/17 
Formation, roads, 18/6, 17, 18 
Formation width, 10/6 
Form-work, concrete. 8/71, 111, 

116, 146, 147 
Forms, roads, 18/114 
Foundations, 6/55 
—in bad soils, 6/55, 68 
—in black cotton st^ 6/18, 62 
—of bridges, 6/81; 10/8, 11 
—, concrete, 6/62 
—, culverts, J9/81 
—caonewa}**, 19; 45 
—earthquake proof structures. 

21/10 

—, failure of. 6/65 
—, grillage, 6/59 


Fouodation. loads on, permtsaible 
6/39.47; 19/12 

—for machines, 6/66 
—over piles, 6/80; 7/65 
—, raft, 6/59 
—test. 6/46 

-—, wells for bridge*, 19/IS 

Foundry work, 5/6 
Francis formula. 14/14 
Free-board. 17/16,63.86; 19/8 
—fall, weir, 17/18 
—overflow, 17/13 
—stone, 12/23, 29 
—srater, in soils, 17/12 
Freeriog of concrete, 8/93 
French drains. 18/25 
—polish, 12/48, 64 
Fretting, def.. 18/15, 21 
Friction blocks, 17/14 
—head loss in pipes, 16/64-67 
Fringe water, def., 17/21 
Frog rammers, 18/30 
Frost, effect on concrete, 8/128, 
138 

Frosen pipe, tube wells, 15/112 
Fuel for working pumps, 16/89 
Full supply oo-efficient. 17/8 
— —factor, 17/9 
Fungi, plant in water, 16/5 
Furlong stones, 18/185 
Faroaoe alsg. 12/17 
Furrow irrigation, 17/lU 
Fuse*, blasting. 12/35, 86, 40 
—. electric, 22/13 
Fusible plug, rosd roller, 18/33 

G 


Oalei fonnuls, 19/10. 12 
Gallery. water, 15/23 
Galvanising. 6/16 
—iron aheete, test, 6/11 

“ ■;-.weight 014/29; 19/60 

—pipes, 15/75 


Oalvamted iron, painting. 12/68 
Garagea. design. 21/22 
Gaseous chlorinator, 15/16 
Gasoline engine, 16/88 
Gate valves. lijSO 
Gauge line, 17/47 
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GFsoging v«looit]r ftod dijctuipr, 
17/44 

0«lA4iD9, II/M 
Q«li^ta, l2/$0 
OwMHtutg VBiB, 22;/d 
Olkkt-Edd 17/4 

Glbb'i module, 17/123 
QiTdatBt brid(M 19/42 
GUoia, of ireuB, IT/H 
GUn-crete, 11/43 
Gla^ [NUMt. 1/19; 9/32; 11/02, 44 

-* m a -kin g opaquet 11/44 

Glftziog, 11/44 
Glue. 12/43 
Qoiur, br WAter, 14/4 
Good jeer, niufall, 17/lOS 
Gooeeoeek ptpe» tS/M 
Grmder, PUd, 18/14 
Gradienti^ dreine. 14/13 
—. loadi^ 18/IM 
—, Mtren, lB/33-39 
Grading sggreMte, 8/72| 19D> 
18/47, Uti, lOfl 
Gnphice, 12/42. 48 
Gmnite, 12/24 
GrBnalitfajc finiah, S/141 
Gnwi, 4/;20; 8/3^ 13/9; M/4 
14/128 

Gravity dftin, 17/13 
—nit«*t 10/27. 28 
^w»U»r» 17/20 

Gfmy'e fonnnln for pevecaenU. 
18/148 

Greeee tr»f. 14/M, 43 
Grillage foaodAlioMr 4/49 
Grit, dot, 4/20i; 18/9 
Grit ohambeTi, 14/77 
Gritting, 18/13 

GrtiWMimn*nd,irTi»tion, 17/4 
Ground vAiar,. 4/10; 14/07 


88 


Guide bonka, 17/10; 13/41 
Gully. 14/08 
OoUy trape. 14/49 
GolbaiiT roadside drains, 18/180 
Gum, for white wssbing, 7/49; 
W/ll 

Gun eo4(oo« blnaBtcg, It/ST 


Gro at, pamegt. 8/138. IM 
Groqt^ miftgp dam, 
G routing* 0/18yT40f *0/13. 
Groynes, IT/xv. 70. 1!^ 
Odj^ nils, wbeela, LO/4, 44 


Gun powder, 12/33* 30 
GunJting oQDcrete, 8/lST; 17/32 
Gunter's ohnln, 1/4 
Gunet plAtea, 11/22 
Gutts-perohs, 12/17; 15/40 
Gttttera, for rnof, 11/24; 14/08 
Gypnom, OSes, 17/105 

e 

Hi&ir-pin remfnrormeut^ 18/113 
Halla, deatgn, 21/8 
Qiwd fleeting concrete, I/U9 
158; 18/lSD 
Hend PLunpe, 15/117 
Hand raik, 7/53; 14/44; 10/3 
Heiiging apura, cannk, 17/78 
HeM^eore, 7/8; 13/8, 18, 48 
Hard pan, def,, 8/18 
Hardening of camnat, eoneretev 
8/83, 85, 183 
“ — ^-aurfaee, 8/135 
—-ot steel, 5/14 
Hardneaa nf water, 15/3, 7, 3 
Herata ooncrets, mix, 4/72> 128, 
143 

Hkaoeb, imeds, 18/4, 73 
Haxnn ^ WidiunU.' foTcnuls, 1^/84 
Head, 14/34 

—loat by water flow* 14/27; 

15/53; 17/127 

—race, 17/17 
—rcgulatet, 17/11, 23 
—walk, 17/15; 13/58, 53 
—work*, ceaah* 17/11, 134 
-—^wuter, 17/9 

Heat cQodiictiDfl by meteniLlB 
* 0*1 absorpticd by ccloofa* 
20/20 

—Lnnleticfiii 4/44i 03; 12/17 
Heavy eTOps, 17/115 
-^Ua. 17/100 
Hemp* for plastering, 7/53 
Hiarring-boDe work, 7/07; 15/08; 
17/80 

Hi^ alamina oement, 80/32; 
17/03 

Highways, daf-* 10/4 
—pnijects, IB/tW 
winy Mij dec^ Hctd window^ 3/33 
Hwgin, det* 8/18 
Hold fasts, doora, 3/XT 
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Hok« for riv«U, 4/S8 
HoUaWp. bloclph IJ/T 
—4It>on, S'fn 

IftOi 2tfl4 

Hcnay-oomb bfie^oHc, 'ifili 
W/7 

Hook aangBp n/4T 
Hook'i l&w^ S/83 
Hoop uoD, 4/J0; 7/3£^ fiS 
-^inToroemnit, L8/ftS» 06 
Hoop ftroM or i«i«ion, 3/7: 8/4B: 
16/44 


Ho^tol^ daoigii, 2L/^ 

Hottol, dsoigin. 31/sl 
Hot wator tanks^ 19/30 
Hooae drainago, 16/4t, 00. 
Hoote ntn. HTvin, 10/64, SO, 
03 

Home pipM, 16/3S; 17/130 
Hunuia, ooUp O/ltt 

—taiik>, iswBgep 10/80 
HydruU^ fin, 10'/M 
Hydr«te4 luma, 7/63: 6/66p 76, 
JSt, 133; 13/10: t'S/LO; lS/« 
Hydration of oefaen't, 6/76, 64, 
133, 120, 143 

Hydrai^ drop, oBjOalsp 17/16 
—fai (Uco, 17/16 
—grad» lino, 14/30; 17/02 
—^rodtcnt, 14/20; 17/01, 66 
—lamp, cockfelt, 17/10 
—lime, 8/00; IS/11, 13; Sl/0 
—EDoUk d^th, 14/SO; 17/77 
—roroo, 10/87p 04 
—lest, drains, 16/67 

-af pipe lincie, L0/6S 

Hydro-lso^bstht, d^.. 10/80 
Hydrology, daf, 14/34 
Hydroscopie, 6/10; 7/6'T 
—oo-effioiaoi, lT/21 
—wateTp 17/21 
HydmstMio pr9isun!i, 7/44 
Hypw^tieal Tclociky, l7/a 

1 

fgnecmi rockl. 12/22 
IgOition Jioint, Ifl/JO 


Hopjwr, rotdi, 16/17 
Honxeuial ctirvos, 16/107 
Ho^poDireir, 14/6; 16/04: SS/7 
HonTraHTse^^TWa^ 


Imhoff taiik% 10/66 
Impactp a/4; 1»/I7 
Iraperviou* fietoT, 16/6 
ImpomutuM; r e acf Mu ita, iSJtO 
Impuritiea in sand, 0/96 
—in water, l5/3, 10 
In^mcul'OOt eyvttdn, GKdalsp 17/131 
IncUnatiodii, H/B 

InclioM, sJapBi, 16/108, 156 
Incoherent elluvtimi, 17/68 
India mbbef, 12/17 
InfilUatiOD, 10/87; 16/68 
—giUety, 15/101 
—head, 15/100 
InfluGnt, 16/89 
IngUs fammla, 17/107 
InKts, m*d draijup 16i/166 

iDfpeoiicko banki, canals, 17/05 
—chuaben, drsiiu, 16/iS 
Insdatua. 8/66, 61: It/IT 
—of rrxifs, 11/37 
latAka weir. 17/13 
Inlensity of Lrrigntion, 17/7, tlO 
—of runCsJlp 16/| 

■—of trafna, 18/142 
loternepti^ trap, 16/48 
InterMt, umple-compoaodp 2/10 
latemal uJtiDg system, Qsmk, 

n/133 

ItmndatloD rBHuJs, lT/4 
InvartAd fipbon, 16/33; 17/11 
X. Hi C- Louling^ tQ/3Ji 
Iridi bridgoi (eanscwaTfl), It/M 
Iron, 0/3 

—bwi, prcFpwtiai, 4/2 
—tn drinJdzig water, lO/O, 2 , 

22, 36 

—oiidft, 8/153; 12/4, 40, 44; 

20/9. 14 ^ 

—^rk. painting, 12/56 
—work, lixid'er wslw, lt/56 
Irrigaiilfi i 7 /t 

Imntion methods., 17/114 
—by tube wells, 17/114 
IrrlgiAuig head, 17/5 
Islsnds, mad*, 18/5, lal 

JT 

JMk Mehaa 7/33j jo/l, IT 
-wells, 10./! 01 



Joekaoo’g peg top aewer. 16/33 
Jofrt woA, 30/14 
romd*, 18/166 
daf., 17/18 
for •toor*. 7/50, 08 
Joint*, bhamen fUIiog. 17/02 
—in ooocrota, 8/56, 140-146.152: 
18/114; 10/35 

—in. pipe*. 15/50; 16/64. 66 
—rivoting, 21/24 
—in ron^ bituntro, 18/75 
timber, roofs, 0/10, 32 
Jointing new snd old cooei.. 
8/142 

Jointing pips*. 15/40, 76; 16/27. 
80. 64. 66 

Joists, rolled steel, 4/3.4 
Jon^ions. drains, sewers. 16/31, 

—roods. 18/175 


Kantar, 12/11, 15, 26 
—roods, 18/120 
—wib-grodes, 18/106 
Kennedy's formnU. 17/27 
—silt theory. 17/30; 10/0 
Kerbs, roods. 18/123, 177; 10/4 
Kerb inlets, 16/00; 10/66 
Key tronch. 17/10, 53, 74 
Kkarif crops, 17/115 
Kharif : ra5t ratio, 17/7 
Khosls’s formula. 17/107, 137 
Kilos, brick, lin»e. 20/18 
Kiloaratt, def., 22/5 
King post truss, 0/15 
Knotting, painting, 12/50 
Kutter’s formula. 14/21, 25; 17/32 


L-beams, 8/33. 113 
Lacine bars, 10/0 
Laeeya diagrams, 17/41 
—formulae. 14/30; 17/37; 10/7,0 
Ladder, 7/50; 8/61. 62; 16/44 
Laitanoe (iMum), 8/73, 74,117,163 
I.anip blacldnf, 12/61 

sewer s , 16/41, 46 

8/68 


Land reclamation, 17/104 
Landini^ stairs. 8/63 
lane sridths, roads, 18/142 
Laps in reinforoeoMsit roos, 8/18 
Laterals, canals, 17/3 
—sewers, 16/00 
Lathing. 7/53. 60, 73 
Latrinea. 7/67; 16/61 
Lattice or Lacing bars, 10/0 
Lavatory basins, 16/55 
Lavstones for public, seboola. 
16/67 

Lay bys, roads. 18/5, 187 
Layout of buildings. 7/66 
Laying ooocrete, 8/1II; 18/107 
—pipes. 15/40; 16/27 
Leaching, eoila, 17/22, 104 
Lead. 6/20 

—action on water. 15/4, 6, 77 
—jointa, ptpea. 16/51, 71 
—pninta, 12/43, 53 
—pipea, 15/76; 18/60. 66 
—abeets, 4/10; 11/24 
—wool, 15/51; 16/66 
Leakage in cansls, 17/63, 66, 82. 
04 

—in drain pipes, testing of, 16/57 
—tn embankments, 17/63 
—in water pipes. 15/36. 30 
Leng^ of equivalent pipea, 16/61 
l«wUing. 16/04 
Life of roads, 18/47 
Lift irrigation. 17/4 
Li^t crops, 17/115 
—rsfleetors, 31/21 
—sofli. 17/100 

—ooocrete. 8/66, 140; 
12/17 

Lighting condactor. 7/82 

—.streets, 18/186_ 

Limes. 7/70; ' ‘^1*4 

Lime/cement mortar, 7/71; 12/30 
Lime concrete, 6/63; 7/87. 06* 

8/150; 13/10; 30/3 ‘ * 

-on roofs, 11/30, 31 

—hydrated or slaked. 7/53. 
76.131; ll/iSli/lO;'^ 

-kiln, 30/18 

-roortara, 7/30. 71; 8/85; 13/13, 
7/70 


1po4i. 00 • 
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Liin* patty, 7/50; 11/20 
—•hell, 7/71, 74; 12/11 
—•oftooiog prooeat, water, 15/5 
—Mooe, 8/00; 12/25; 20/18 
—in water, 15/10 
Limpet waaher*. for roofs, 11/15 
Lindley** equation. 17/11 
Line*, white, roads, 18/181 
Line of loast reeistanoe, stones, 

12/17, 18. 10 
—of poroolstioo. 17/61 
—of saturation, 17/60 
Linear expansion, co-HTicietit of. 

1/11; 5/22; 8/144;18/115;10/20 
Lining of canak. 17/88 
—of wells. 15/120 
Linseed oil, 12/44 

-for concrete. 8/116 

LinteK design, 7/10. 61, 64 
Liquid Limit, soils. 6/11; 18/114 
—seal, def., 18/15 
Litres, measure. 1/6: 14/2 
Uve loads, 6/50; 11/2 
Load, canal water. 17/5 


Loads on floors, 6/50 
—on foundations. 6/10; 7/1; 10/12 
—on pipes, 10/60 
—on roads, 18/146 
—on soils. 6/46, 47; 18/151 
—on sta^ 8/62 
Losdings. bridges, 10/15 
—last on fouixlatioor, 6/46 

-structuzes, 8/70 

Tdef., 6/10 
Locke, canals, 14^1 
Log line, canals, 17/46 
Lo^ crop, 17/7 
Long-reacn sykem. 17/111 
Loop buiKl, 17/10 
—road. 18/4 

Losa of head, friction, 15/57, 
65; 17/117 

—of water from dams, 17/08 
Low beat cement. 8/82 


M 

Msroadam. def.. 18/8 

foundtations, 6/66 
Ma nh i ne ry for road work, 18/16 
M s ns iine a, exploneea. II /41 
Mams, water, 15/41, 47 


Maintenance of ca n al s , 7/107 
—of roads. 18/105 
—of sewers, 16/46 
MaUeabUity. 5/2 
Mangalore roof tiles, 0/18, 
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11/14. 18 

Manholes, 16/41, 42 
Manning’s formula, 14/21, 23; 


17/10 

Manometer, 14/14 


Marginal buxMl. 17/20 
Mante works. 8/110; 21/5 
Mari. def.. 6/20 
Maacniy, phiinb. 7/04 
—sewers, 16/21 
—stone, 7/00 


Maas oooerete, 8/02; 20/4 
Mastic asphalt. 7/08 
—cement, for water-proofing, 

11/11 

Mat finish, def., 7/08 
—foundations, 6/59 
Matrix, def., 18/11 
Mattraaes. 10/61 
Max. flow croaa-eeetione, 14/25; 

17/77 

Meandering, rirers, 17/20 
MechaniosT filter, 15/27 
Median strip, 18/6, 182 
Medium crop, 17/115 
-noU. 17/100 
Meah, sieve, 8/90, 161 
Metal for road work, 18/51 
Metalling, roads, 18/41, 47 
Metamonhic rooks, 12/22 
Meter. 15/82; 17/52. 110 
Metering water supply. 15/16 
Methods of irrigation, 17/114 
Metropolitsko sewer, 1^11 
Messanine floor, 7/67, 98 
Mild ateri, 5/0 

-sheats. 4/12; 6/11 

Mile stones 18/184 
Miner, canal, 17/2 
Mk-ficee. hlaating. 12/40 
Mitre dram. 18/25 
Mixeca, conoeie, 8 / 100 ; 10/5 
Mixing oonetete, 8/101, 102 
Mod nk r rstio, 8/5 

ModukriY ^ *’''***^ 
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Modahis of elMtieit 7 , S/S 
— — —of ooacroto, 8/9 

-of rteel, S/ll; 8/9 

Modnloa of nxptare, S/S; 0/66; 

%n 

—of •ub-md* rMotkm, 18/147 
Momooi of Inertia, S/4 

-—of R.C.C. Eoemben, 

8/23 

Moonun. 12/28; 17/M. 100 
Morin formula, 17/48 
Mortar*. 7/63. 62. 71. 7S; 8/66. 

112; IS/IS. 18; 20/S, 6 
Mortar mill. 12/13 
Moaaio flooring 7/98; 8/162 
Motor oar*, ■ixe*. 18/178 

-garagea. d^ign, 21/22 

e l ectric. 22/7,8 

Mottled teeth, water. 16/6. 12 
Mac. def., 0/17, 

Mod roofing. 11/29 
Murum (aee Moonun) 

1 

Nainital pattern roof, 11/S6 
Naphtha, 12/46; 18/60 

N^>p*, weir*, d^., 14/S4 
Natoral bed. ■tonca, 12/23, 27 
Naotical mile, 1/S 
Negative bead, 16/24. 20 
Neville’* formula. 14/24 
Newek. stair*. 7/66, 67; 9/SO 
Niekel plating, 6/17 
No-fine* oooerete. 8/149 
Nominal mis. def., 8/103 
—eue, aggregate, 18/47 
Noo-alhrvim smI*. 17/M 
Normaliring, 6/16 
Notobe*, aretr*. 14/6 
Notch fall, 17/12 
Noaalea, fire hjrdraota, 14/S2 
Nursery, lS/2, 6 
Note, steel. 4/21, 22, 2S, 24 

0 

Oakum, 16/SO 
Obserrhog veloeitlea. 17/47 
Odour in water, 16/4, 6 
Ogee weir, shape, 14/19; 17/18 
—joints, 10/22, SO; 19/65 
Oilmg woodworit, 12/66; SO/16 


nnoc 

Older’* formula. 18/162 
One-pipe syatem, 16/60 
Open discharge, def., 17/8 
Optimum moisture, 6/10; 17/67 
Orieotation of buildingB, 7/66 
Orifice, discharge, 14/8 
Orthotolidin stmtion, 16/17 
Outlets, irrigation. 17/9, 29, 96, 
116 

—discharge factor, 17/9, 82 
Overflows. 16/11 
OzsUo acid, for floors, 8/164 
Oxide of iron (see Red oxide) 

P 

Paokxnnle roads, 18/167 
Paints. 12/42, 49. 62 
—, eement 7/12; 8/120; 12/60 
—, floors, 8/164 
—for water tanka, 12/69; 15/SS 
—remover*, 12/6S 

Painting. 12/41; 20/14; Sl/Sl 
—brashes, 12/62 
—damp walk, 12/60 
—iron work. 12/66, 68 
—pUater. 12/69 
—roads, 18/87 
—roofs. 11/30 
—woodwork, 12/60, 62 
Panelled walk. 7/16, 21; 21/16 
Panes of glass. 1/10; 9/S2; 12/62, 
64 

-. m a kin g opaque, 

12/64 

Paper, drawing, atxes, 21/22 
Parabolic weir. 17/13 
Parapets. 7/69; 19/S 
Parg^ing. plaster. 7/62 
Parking places. 18/187 
Partitiw walk, 7/62, 63 
Party walk, 7/98 
Pasco’s law, 14/4 
Peek^e earth pressure, 7/S6, 43 
Pat test for asphalt, 18/87 
Patch repair*. 8/112; 18/89 
Pavements, 18/6, 17, 18 
—.brick 18/130; 19/61 
—.design, 18/104, 141, 146 
Paving. 18/76 
Peat, soil, 6/17 
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Pobbfe «lMh, oooorBt«, 6/lil 
P«<laMAl, dpf., 7/W; lO/J 
PwiestrikD bridge*, 16/4 
P*g top dreins, 16/15. S3 
PanetimUoD. Ur tact. 18/59, 68 
PMaiocks. 16/101; 17/18 
PorooUtioa. 6/6; 17/81 
—«»'»dieot. 17/61 
—of c«n*l vaur, 17/94 
—of raiu wm«er, 16/6 
PorooUting filur, 16/82 
Poceuwioa cmp*. bUsttng, 12/35 
PeceoiUAl oonal*. 17/4 
Partneabilitv. 6/6 
—»««t. aoik. 17/54 

*®*TOl**lblo lOA^ OQ niBI'llll II 

6/50; 7/3 

-6/47 

Petrol beak*, eenela, 17/85 
pH” rehie. 6/4; 15/7, 17, 22; 

17/102. 105 
Pbenotphtheline, 15/7 
Piok-ap weir, 17/13 
Pion, 7/13, 15. 21. 19; 10/2 
—. bridge., 19/24, 25, 41; 21/5 
Pig iron. 5/4 
PinneoU, peint*. 12/47 
PilMten, def.. 7/98 
Pij^ 6/68. 75; 19/12. 15 
PO^Bent. pier*. 6/69; 19/31 
Ptlb«, def., 7/98; 10/2 
Pipe., 

• oeoaeot, 15/79; 16/22 
. 14/28; 15/56. 60. 72 

iron, 15/49, 70, 71; 16/22. 

o9 

oement eonerete, 15/78 

-lined. 15/76 

—oopper, 15/77 
—.eulverU. 19/53.56 
—deeip. 15/44, 59 
—di«h«ging cepecity, 15/60- 

M 

—fittings 15/56, 60 
16/57. 60 
—golT. iroo. 15/75 
—b^Win. 14/26; 15/64-67 
—1*7^ of. 15/49; 16/31 
—15/77 

ge in. 15/38. 16/57 



Pipe* reinforced eooerete. 15/78 
—eervioe, boose. 15/63 
—Mil. 16/59. 60 
- eUel. 15/45. 73. 75 
—elooewmre, 12/7; 16/19. 21 
trtwu. in. 15/44, 59 
—tenting. 15/52; 1^21 
—trench^ 15/48 
—wrought iron. 15/73-75 
Pipe outlet*. 17/126 
Piping, 6/66 
Pitch. 7/11; 8/136; 18/10 
Pitching. 7/37; 17/69 
Pitch of b^r* for R.C- work*. 
8/12 

Pitot tube. 14/35; 15/57; 17/52 
Placing oooorete, 8/111 
Plane of prroola^on, 17/62 
—of uturmtion. 17/62 

Plano* of cleavag*, stone*. 12/23. 
34 

Plonk*, wooden, aaf* load* on. 
11/27 

Ploater of Pori*, 12/5 
—, pointing. 1^59 
—, woter proofing, 8/121 
PloatMing. 7/53. fi. 69; 12/19; 
21/11 

Ptootie flow. 8/161 
PloaUoity. 6/11 
—Index. 6/12; 18/134 
Plato girder. 19/48 
—fUoB. 12/63 

Plato*, bearing, 11/10; 19/33. M 
Plunger pomp. 15/87, 108 
Phmn, ooncreto work. 8/98, 163 
Phtmb oooet. and moaonry. 7/94 
Phunbing, 16/64 
Pointing. 7/74; 12/19; 20/10 
PoMBOo'* ratio, 3/3 
Pole*. 8/68; 21/20 
Polishing floor*. 8/154; 20/9 
—woodwork. 12/54 
Pottuted woter*. l5/4 
Pneu m ot i c eieotocs. 16/89 
—tyred rolleis. 17/68 
Poling boards. 16/26 
Pooh, swimming. 21/32 
Poppy oil, 13/45 
Porosity of soiK 6/8; 15/99 
Porous conoreto, treotment of* 
8/135 
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Poroo* roolii, 11/31 
—walk, 7/7 
Poata, 10/S 
—, boiklinga, woodan. 0/lS 
—, faneing. 8/M: 19/4; 11/18 
Potable water, 15/4 
Potaaatxun permanganate, 15/Sl 
Power for working pompa, 15/88 
Poasolana (aee I^usoIaiM) 

Pr». mixing, 18/73 
Preaaura break tanks. 15/33, 34 
centre of, 7/39; 14/5 
—for domeatic arater aenrioe. 
15/44 

—of earth, 7/35, 38 
—OQoalising reaenrotr, 15/31 
—/Dtefs, 15/17, 18 
—bead. 14/35 
—relief valrea, 15/81 
—of water, 14/5 
Preatreaaed concrete. 8/147 
Prime movers, pampa, 15/87. 88 
Primers, paints. 13/43 
—.road painting, 18/14, 67 
Priming coat, paints. 12/51 

-,roada. 18/14, 77, 78 

Projects, preparation of, Id/lH; 
16/94; 17/93; 18/190; 19/63; 
10/31 

Properties of oement, 8/83 
—of eonerete, 8/71 
—of road metal. 18/51 
Proportioning mixes, 8/107 
Public latennea, 17/67 
Paddle. 17/19, 62. 89: 19/14 
Palaometer pomps. 6/65; 15/94 
Pamice stone, 12/29 
Pomp bead, 18/86 
—horse power, 15/84 
Pomps, power for wt^ing, 15/88 
—, water, 6/64. Mi 15/86 
Pumping mains, economic dia., 
15/83 

—water, 15/30, S3 
—oat of foandationa 6/64 
—sewage, 16/87 
—station dc^gn, 15/06; 16/87 
Punching shear. 6/55; 8/44 
Porification of srater, 15/11; 
11/83 

ParlinB, roof, 9/14; 11/7, 8 
Fuskla, canals, 17/80 


Patty, lime, 7/83 
—. ffisxier. IS/M 
PussSI^8/lS1.136, 163; 11/9; 
17/90 

Pyrez glass. 11/03 
Q 

Quarrying atonea, 11/34 
Quafteriag eonerete, 8/163 
Queen post troaa. 11/9 
Qaiek-Ume. 7/S3; 11/10 
—sand formation, aoQ, 0/M 
—setting cemant, 8/61 
Quioaa, masonry, 11/13 

■ 

JSohi capacity factor, def„ 17/8 
£a5t crops, 17/111, 116 
Raee, cmi^, 17/17 
Radial roads, def., 18/4 
Radius of gyration. 3/5; 10/1 
Raft foondations, 6/59 
Rails, steal sections, 4/39; 11/18 
Railings. 19/8; 11/17, 18 
Railwav crossings, IS/IM 
RainfaAs in India, 16/3; 17/106 
Raingaage, 17/107 
Rainwater pipes, 7/9; 11/15, 33; 
16/60 

—storage for irrigation, 17/106 
Ramps for ears, 18/7; 11/16 
Rankine’s formala, 6/51; 7/31, 
38. 41 

Raptdi, canals, 17/11 
Rapid hardeniug eetrjent, 8/76 
81 

Rapid-sand filters, 16/6, 15, 17 
Rating, canals, 17/9 
Reach, canals, 17/6 
Reciprocating pump, 16/M, 91: 
10/88 

Recon naissan ce, 18/139, 191 
Rectangular sewera, 16/10 
Red lead. 11/41, 43. 46. 47; 31/5 
Red oxide. 8/153; 13/4. 40. 44; 

20/9, 14 
Red aoil, 17/90 
Reflection of U^t. 11/11 
ReRux valvsa. 15/80; 16/89 
RsCraeiory materiala, 7/98 
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roftdj, 18^0, ]8] 
ehmxiutti, nfU, S9. ao, 
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— dtL, L7/J30 
— floir, der., I7i5. 84 
HaguUtin^ nolch, 17/lS 
R^dIaUt, Unlit, 17/13, 14 
Ronfotetinient itoel, 3/fO'^ 70, 38 
—inoQn^ritd fond*. 10/111 
—.cnrmion of, 0/133 
—ovtimatingf SiO/0, 0 
fMnioroed bfiokv^rlc, O/I&S; 
SO/0 

^— cniHuvtfl 1»itt«ni, 11/E6 
^ — dnini, I$/]0 

^ -pipei, lfl/43* 70j 19/36 

IMaanor'l thnor;^ 0/31, 63 
llaliof ralvM, 13/47 
B«li»vutg Arch, 7/3S 
IttcvnotaUi^, roodi, 10/47 
BAaii»dBlLmg of ehiJUiell, 17/111 

RocmiwbI eoflit, roadi, 10/99 

R«pftin to flTLiJ iMiilciit 17/109 
—to oonomo, 3/0 L, 133, 140 
—io ro«U, 18/83. ISO, 130, 190 
—to roafl. 11/31 

HMmiin, time, 

14/31^ 16/44 

— * iirigaiion, 17/63, 33, 93,133 
— I, mMonn. coaoKjto, 7/37. fiO; 
3/43, 1 Si 

—,«t*r ■n.pplf. 10/39. 30 
Roaidii*] olilonn«. 10/17 
BivUimH, 3/3; 0/3; flp 
lUUinic^ walla, 7/36, 40.40. 49 
KatarduiK Affiita, nement, 0/151. 

KotQTD valla. 7/41; 10/23 
BonCDWiita, 7/47; 17/71 
Bibbed floor, 8/37 
BicbVof-Va^, def,, 13/* 

Bwf and b^ tmt, 13/01 
B^;np. d«f., 17/18; 19/01 

BMnf lEHiiiiB, 14^80 

Blw ambankmenia, 17/64 
— hbW. 4 / 30 , 28 

—'♦tut. 6/10 
BiratiDff. ll/ll 
Road, defl, 18/1 
— .Mcak, 17/80, 00, 109 


Road .oemeiit oqnarate, 10/104 
—, uurtM, 18/EOI 
_,dfa4r, 10/141 
^,F»d«a, IS/iet 
—profwrtia^ 18|/01 
—Eollan, 17/63; 18/10 
^4 d aandr a&d Jwlar tfuta, 
18/141 

—mgpm, 18/131 

^alabt. farido*. IB/IB 

^atudl, tnfhfi, 18/100 
Bwdni^ on l^ndo^ 

Bbbart Gaie% formiUa. 10/10, If 
Eookib 12/51 
B«k« bearing, lO/SI 
Foda, dftf., 3/104 
Bod boring; 10/100 
Bodding cffncwt*. 3/117. 104 
—eye, tenmse pipe* 10/41 
Boiled eonorete, lO/lffl 
Boiler bearing 19/8$ 

BoUem, road, 17/00; 13/30 
Balling, 6/10; 17/60; li/M. 02. 07 
R. S. joifti, 4/4 
Bno&, osfved. 11/20 
—, drainage, 11/31 
—,nat^ 11/20 
—.fitimgt, 4/11; 11/14 
—.gnttew, 11/24 
—, Utb loada on, O/OO; If/S 
—11/81 
—dabf, rainfomed briekarerit, 
8/lAO 

— --.noctenie, 8/10 

—elnpaa, 0/19; ll/9, 81 
—truaa, 9/11 
—pf, U/$l 
Bopaa. 2f/t8"^ _ ,,7 
Ttotajiaa, baffle, 13/173 
B^tary boring, tB/106 
—fHin^ 16/90, >0, 08 
Botatinn, cmpa, 17/7 
B^Uglli oaat, (Xmnrate, S/ISl 
Bcondaboata. r»di, 13/173 
Bvsnd iioQ ban, 4/t; 3/107, 103 
BnbbV. atone, 12/58; 10/3 
Bm-ofl, calchRMnln, !3/4; 17/10? 
~^-aCIleiaila, 10/6 
B annin g btotii^ femmtitti, 
19/00 

—un d feemaitins, 0/00 
BtipbETB itNm, 8^ 


nfSDC 


IB 


Ktidl rotation, oanali, 17/111 
Unit cemeELt, Ifl/fliO 

Rostuis of fetool, 6/SC; S/S6; 11/4B, 
44, ««, fi7 


SadidlB, tipbon, 17/112 
Safoty obain foF ae-w-pn^ 16/44 
—glM«, 12/63 
—valva, 18/&1 
Salififl wator, 16/6, 7 
Salta in iPiiiforec^ work*, 8/126 
maoval fromi wall*, T/S 
4n aoUa, 12/6. 18; 17/101, 106; 
18/114 

-in water, 6/T 
Salt'Eluedware pip^ 12/7; 

IS^I. 28, 67 
Baad, 6/16; 8/04.133 
—blowing, 6/6S; 16/111; Iftff* 
—boding o4 0/07 
_oor«. 17/66, 72 
—fitter*. 16/23; 16/84 

ofp 8/04; 1^81. 66 
^-piling, focndJl TneTi*. 6/61 

.—njrap, 16/108. 112 

—IS/2B, 81, 86 


_8/80-, 12/26, 32 

—, anit^^lity teft, 16/20 
BvulBr* formol& for pUv, ^73 
Sectary nppliarvcea, 16/6v, 6T 
^^wmwnienco* for public, 16/67 
latJia**. 16/61 

BatoiWtiocL gradient Lio*, 17/61,36 
Baw-tooth roof. 11/23 
Sooop. madiino, 16/18 
Boar^ier for load*, 18/17 
Boaniyiivg rtiad, 18/16. 46 
SebBEwa tbroiy, 7/18 
acboola, dMgn. 21/2. 60 
oORDff. road*. 16/43 

in nxin D^dSi 

n/16, 26; 18/6 

Bcraper. Toad*, 16/17 
Soratcbicy onUet, 17/120 
Sceed, road*. 18/17 
Beivodina ooDcreu, 18/120 
Screw* ^or BCiwagB. 16/76 

cbMWibermt 

—>mwr. 15/13 

SecMnia^ rgad DwtaJ. 18/16 


Scum board, 16/60, 09 
^llaitance), cmnct., 8/117, 160 
—.aewage, 16/68. 77. ^ 
Scuppcrt, roada, 10/43 
Baa water in R. C, work*, 8/8Qi 
ISO 

— —propertiei of, 16/0 
— Wnrlu, 6/130; 2lj'6 
Seal aoAt, road*. 18/14. 76, 86 
84aanning, atone** 12/24 
—, timber, 0/3 
Beotian moduJaa. 3/6 
fiedimeut, dcf+ 17/16 
Sedimentary reck*, 12/22 
Sedimentation tanka, 16/6, 12, 
£7, 3^ 16/78 
Seed* for plant ing, 13/3,7 
Seepage, danali, 17/21, 04 
—Sine, 17/61 
—pit , *ewBge. IflHS 
Brmcgation, conprele, 8/7* 
B^-cTBaDting velocity, draio^. 
16/12 , . 
Saptin tank*, 16/62, 36 , ^ 
Service bank*. 17/86 

—LatHnea i6/62 
—pipe*, wat*r* 16/36, 68,66* 63 
iliiiiiTniTi. 16/33, 30, 32 
—roedf, 17/06* 86; IW® 

Setting of eemPnt, 8/61, 86* 1*4 
—of lima, 12/12 
,—Out lewer linea* 16/24 
Settling buia** 16/13 
^lanS** 16/76, 66 
Settlement of eiBbanklEMt*, 
17/66; 20/J 

Stwage, diapoaal of* 16/69 
—(iltrwties, 16/60 
..^^irigatinn, 16/01 

— vkneaa* 16/V3 

—LTwatmant, 16/76, 80, 91 
Sawna, 16/10 

eencrcte* 6/110; 13/22 
—srcaaingf, l3/31 
—,d«dgu* 16/7, 9, 1-. 1® 

—, diacluii^ oapae ity 16/68f 
16/37 

—, egg lihaped, 16/20, 33 
—iflSbing, 16/14 
—gradient* 16/13 
maintonanee, 16/46 

—, ihapai* 16/20 


OfSOC 

*«/>» 8 £h •xohidm. 17/17. ISO 


, vsotiUtioa of, 16/46, 48 
rntohoki. mwot, 17/42, 46 
8hol«, 6/18; 12/28 ' 

S^toi.proof (Um. li/SS 
SlM^ modaloa, d«f., S/8 
—in retnforeod oooeroto. 8/11 
—*n ooila. 6/66 
Jheopa.foot roller, 17/68; 18/SO 
Sheet Mpheh. 18/37 
--ginM, 12/63 
Sheets. 

—bUek. steel. 4/S2; 6/11 
—brass, oof^. 4 / 1 ®, 33 

—Ont. steel. 4/S8 
—gnuge of, 4/25 
—1^, 4/19; 11/24 
—pUin galv. Iron. 4/29; 6/11 
—steel, 4/38 ' » / * 

—t^ing strength of, 6/11 
—wno, 4/33 

18/162 

Shelerete, 18/13 
Shell anger. 6/46 
—lime, 7/7S; 12/13 
12/48, 49 

Mslmaisadam, 18/13 
nbell primer, 17/19 
JJingle, 8/91; 18/10; 20/6 
58 ®°®* ®jeotor, sewage. 16/89 
Shoterete. 3/137; 17/92 
Shoulder, roads, def., 18/6 
Shraders. 16/76 
Shrinkage of oonorete, 8/79 
--of earthwork. 17/58 
Shrooding of wells, 15/113,^16 
Shattering, 8/116 
Side slopes of soils, 17/61, 83 
Sfstre analjrsis, 8/108, J64 
8 »ejme. testing. 8/99; 18/56 
Sighting distance. 18^164. 177 
i«/34 

Sim, roads. 18/183 
SiW, 12/31 

Silioate of soda, 7/12; 8/122 IM 
SUt. 6/17; 8/95; ij/iii/S* “ 
—charge, def.. 17/6, 23, 131 
—clearance, 17/107 
—ejectors. 17/130, 132 
—escapes, 17/17, 132 


jxtraetofs. 17/17, 130 
—flow in channels, 17/22 
—grade, def., 17/6. 23 
17/17 

^• rt s. 18/29 
—4hsory, 17/132 
—traps, 17/132 

17/17, 132 
—.wei^t of, 17/24 
sating of ohaimels, 17/29.133 
Simon's rain gauge, 17/107 
8 ink% 16/60 
Suxking fond, 20/24 
Sip^ 14/10, 30; 17/10, 133, 
134; 16/23 

—n^^asduct, 17/11, 134 
—^way, 14/20; 17/16 
SiphoiM pipe, 16/50 

Robert Oalea formula, 19/10 
BiU exploration. 6/41 
—reoonnaiaaance, 18/139, 191 
of boildings, 7/66 
Skew arobee, 7/33; 19/41 
—l>o«ks, 7/98 
^dgs, 19/34, 41 
BKimnung tanks, sewage. 16/77 
lS/14 

8km frict^. wells. 19/12, 13 
Stop, bucket, 8/114 
o**^.^^ialbroad brickwork. 

—^jwforojd concrete. 8/20; 

21*?* **/n 

au^li^. 13/1|. 

Slaking lime. 12/11 

v^t for oUv. 18/29 

80 ^, ooooreu. def.. 8/164 
SlidiM joinU, 8/66 ^ 

—ol^Uining walls and dams, 

SUp of pump, 16/86 
—.floors, 7/81 

—.rooC^ 9/10; ii/g^ ,j 



SlopM of aoiU, 7/36. 37. 51. 53; 
17/61, 83 

61ow-«wid fUien. 15/33 
Sladge, 16/68, 83 
8Iad|j«r pamp, 15/106. 112 
SlaioM. 14/10. 13: 17/15. ISO 
Slatoe T«lve. 15/79. 85; 16/89 
Stamp tMt. 8/73. 77. 150. 164 
Starry, 8/164 
Smolc« i6«t, 16/57 
Saow load on looft, 11/2 
Soak pit for aopito tank. 16/73 
Sodium oorbonata. 12/5^ 15/10 
—ehtorido. 8/124; 17/103 
—kydrozido, 15/33 
—hypoehlorite. 15/16 
—ootU. 17/103 

^Ueato, 7/12. 74; 8/133. 135; 

17/75: 18/123. 135 
—oalph^, 17/103 
Soft eoal. 12/16 
—water. 15/8. 10 
Softening of water, 15/8, 10. 29 
Soil. 6/3; 17/100 
—ooment. 7/76; 17/93; 18/135 
—eonmrvotioo. 17/105 
—efflotoaoenee, 17/103 
-^rtMion. 17/106 
—pipao. 16/59. 60 
—•labiliBatiao.6/43:7/76; 17/55, 
93; 18/28. 133. 140 
—toito. 18/38 
—type*. 17/99 

Soil*, olkaltoe. 8/133; 17/101 
—^ohiviam. 17/M 
—angle* of re p ooe. 7/38.43, 60 
bearing oopooity, 6/39; 18/37, 
151 

—^boraeteriatiee of, 6/4; 17/99 
olamiftogiione of, 6/3, 5; 
18/151, 154 

embenkmenie, 17/54, 55 
—for irrigation, 17/90 
—for planting. 13/7,8 
—for rood*. 16/28 
—.stopos, 17/61, 83 
Soldoring, 5/31 

Soldoro for ptombing. 5/33, 16/66 
SoUgnam. 13/63 
Soling, rood*. 18/17, 18. 41 
SoonJ inaaUtioQ of buildingo, 
7/54 
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Sounding eoble, ehonneli, 17/47 
—foondotioo Strata 6/43 
—.rirer depth. 17/6. 45 
—fodo, ehonaele. 17/46 
Spon/riao ratio of orehoa, 7/30; 
19/40 

Spoi^rri wall*. 7/99; 19/41 
Spaeifie grarity, 6/9, 6/165; 
18/61 

Sp^ Btandarda, roada. 18/166 
Spigot and aoeket joint, 16/40, 
50; 16/33 

Spillway, 17/14, 15 
Spoil bonk. 17/19. 79; 18/8 
Spray nooal*. 16/32 
Springing line 19/8 
Spring water level, 16/86 
Spring, fonaulo, 19/13 
Spon iron pip**, 16/73 
Spar*. 17/20. 76 
Sqoatting plate, latrine, 16/61 
Stobilixation with eement. 18/135 
StobiUsed aoil. 6/43; 7/76; 17/55. 

92; 18/38. 133, 140 
Stock pip*. 16/50 
Staining oonet. with copper 
aulptiote, 8/136 
StoinlM ateel. 5/18 
SUireeeea. 7/56; 8/63; 0/24; 
21/5. 16 

Staaebiooa, def..l0/3 
Standing wave, 17/9,118 
— — flnine, 17/125 
Stand-pipe*. 15/36. 47, 67 
Static head, delivery. 14/35; 
15/86 

— los in g, 3/4 
Statute mile, 1/4 
Soonohing walla, 17/15 
Steady fk>w, def., 17/5 
Steam eoal. 12/16 
— engine, 15/M 
— pomp, 15/M 
— rood roller*, 18/33 
Steel. 6/8 
— oDoy*. 5/17 

—eyiindera, bridg* foandationo. 
19/17 

— . ftald teeto, 5/10 
—pipe*. 15/45, 73. 75 
— for rainforoement, 8/88 
—etrootore*' daaign, 31/31, 32 


IHSCC 


n 

8t*Bl timka, I5/ai. 33 

-p^ta, lfl/33 

—wlftM, 4/2S* 27 

lC/121; Ifl/iS; 

20/7 

St^rlixation of water, 1^/13, 10 
SturrnaM, def., 8/23; 10/3 
Stm-pond ayitem* 17/131 
StrUcio^ f^ntrefli of aiotoB, 19/48 
R,C, mBmbflri, 8/14 
—litta* for tnmcv fl'/20 
6toa«, 12/21 
—«roh««, 7/31, 93 
—boama, 12/33 
—fWd koata, 12/301 
—lizitola^ 7/64 
—mMOrnry, 7/flO: 20/S 
—niHtoJ for TDsda, lS/81 
—«tep*, 7/59 

—•troogtli of, 12/32 

-suitability for butldlTiea, 12 /S 2 

Storkowarc^ 11/7 

13/7: 10/19, 21 
Stop eoolca^ Ifl/M, SO 
^TaJvcB, lS/80 
Stopping diataoco, 18/164 
8tar^ oellan, S/06 

—Of eament, S/SO, 87 

—tanka, 13/12, 29* 31 
Btonn water overilow, J6/11 
Strain, dsf., 3/3 
Stuainsra, wella, 15/86. 1[3 
S-trapa* 16/47 
Strap#, ironn tmaaea, 9 / 2 (j 

Stratifiod Tookc, 12/33 ; 

BtFMt draiqa and aewan* 16/23 
—llgbtin;;, 1&/186 
BtrOngth of beami, 3/R 
—of bolta* 4/31 ^ 

—of brtcka 7/27. !9; 12/s^ m 
-on»ncrete, 8/i0. 72, 7|, 78* 

-with afffr. B/127 

—ofoorru^ted abeeta* 4/30 
—'Of lima mortar, teal. 12/14 
—Of maaonry. 7/4, 37 . i 2 « 
—of riveta. 4/24 ' 

—of atODfii. 12/33 

of pipe,_ 


Btrangthonbij; canal baoko, 17/133 
—qM bridj^oa* 18/30, 44 
StrOH, daf^, 8/2 
Strawaae diW to tampeTatgro 

Tariationa, 3/10; 7/08; 19/29 

—wofkifw, cBBt iron, it^, 
10/4,5 

-eoner«t«k 8/10 

--masonry, 7/4. 29* 30 

StriOfOri, 7/50; S/ftS; 16/44 
Strip louit, S/56* 14S 
Stiuta, daf^* 10/2 
—.angle iron, 4/12* 19 
Stada, road light#. 1S/1S5 
Stamper doEor, foAds, 18/16 
Sub-baae, roada* 18/18* 19 
■—grade, roada* 18/17, 18, 16* 
76. 154 

-HToaotkn, 18/147 
Sab^ritical flow, [7/0 

— —veloeity. 17/0 
Submerged aurfacoa.proaaun oa* 

14/0 

—aoil* weight, 7/44 
Sttbmoraibte bn'dg^, 19/44 

—pumps, 16/104 
Sob^aoi] drauiaoe, 16/98; 18/23 

— — wnter. fo/97 
Sub-^way, def.. 18/8 
SuctiOD lift, 10/84 

—pipe*. 10/85 

Sn^iility tf odiIe for road woik* 
t9/2S 

Sulliige diipoaal* 16/74 
StiOunitOTirvea, 18/164 
Suu-Ahadci* R.C., S/70 
Sur«rn,erii;[!al (low, def,. 17/5 
—elevation* roads, l8/7, 169. 
ISO 

—impofled loadi* 6/59; 11/2* 26 
—paJHage, n/lO, 134 
Bupply maina, 10/41, 47 
—pipe*, 1 . 6/53 

—prenania, donmtle wator, 
15/44 

of# drfoking watar, 
Sn^hajge* Mh p»*re»* 7/36^ 
^8/33 

-diewing* rnada* ib/S7* 98. 101 
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BiitCkq ooncEVtfl't 9/11^ 

18;i3l« lift 
p 4 inti(>g. TQkdt, 18/87 
raodPp JS/li8i 18 
Burge piMfure^ 18/M 
-f 10/€7 

g^trkki, 7/fl, 71 j B/131. IWe l g/8; 
17/W: M/lfl 

9arv«yizigi 18/IW>, 181: 21/M 
—far Moal project*, 17/93 
Snepepokfu brtdgM, 18/47 
Sweeting of ootJcrete, 8/lfl5 
Swimmirig pool*p 15/®0p 21/34 
BTphou (mo Siphon) 

Syefcem* of d nin ago, l$/7 


T-befune, R C., 8/3^^ „ 

TeoVr oo*ti nseull', 18/14, T7, 78 
TiUlp oAnutli 17/17 
_aliietBr, 17/124 
17/17p Itt 
^^lenk, 17/4 
^weterp HfZ& 

Teluip woir«» 17/18, 138 
Tiunpor, oonoreto roede, 18/130 
TampoiR ooocueteF 8/117, 168^ 

ts/lio 

Tendam roUv, lS/31 
Tonki, omf«ping tiuw, 14/311 
15/48 

—^.fluehingp 18/14» 5S 
—pinrigetHloo, 17/53, 08 
^pMdiimatiLfttHd), 13/13 
■»,etefl!p 15/31 
„ —, punting. 12/58 

wetor, 7/87.80:8/47,30.180; 
15/31 

Tap*, water. 13/83 
Ter. 8/188: 13/38. 81; 19/10, 37, 
38, 44 

Teate in water. 15/4, 8. 18 
iteel wUaiv^ 4/17, 18 
Tecnperatuni raiofonMBnout, 
8/21; 18/113 

—varietkra vtfviM^ 3/10; 7/88; 
18/20 

Tefupenng ateel toala, S/13 
Templatoe. madai 18/17, 47 
TompowT bridgM. 10/40 
Tauoitjr, dof.. 013 


Tenwa in ogauTete. 6/33 
Tecreoatte, 7/04; 12/8 
THsmoed rool^ 11/30 
Temxo fbon, 3/152 
Tect Bievttiv 8/00; 18/34 
TeetLqg □emeot. 8/34. 87 
— -^-noonarBte. 8/8, 73, 78 
—4k7. 12/4; [5/100; 18/20 
—claw^ 16/53 
—drainfl^ 18/21, 37 
— electHQ iutaUetioiii^ 22/23 
— Uth* canCHrte, 6/83 
-•^martaia, 12/14 
^-pipe lines. 13/22; 18/21 
—road raetel. 18/53 
—Hodi. 8/08; 18/20 
—vita. 18/20 
—«tU, 17/3fii 18/2$ 

— ftoAM, 12/30 
— tar, bitauHD, 16/60 
—mlie. 10/183 

T«*ti for drtokiug water, 10/4 
Hutab itMTiDg, 11/28 
Ttmatn, 21/3 

Thnrmal OOndaetivitv, Mnents. . 

S/140 

— propertiAt. DODceBte, 8/88 
ThAnwVH^lK fiw daiu, £1/23 
TbeTtaOEneteni, 11/23 
Tbnnnit praotas, 3/30 
Ttuekneta of waUe. 7/10; 0/13; 

£1/14 ' 

Throating; 7/100 
Tbnift, anli^ 7/16 
Tin rod! for arohM, 7/33 

-for tratana. 0/14; II/Sl 10 

twi, flat etaftl. 4/11, £0, t$ 
Timber, dnaej' tc, 0/6 
— pilee, 6/70 

— etmotoree. aartbqnaka- 
proof. 21/1? 

Timeo‘'ooDO«otratioti, itonna, 
18/4 

— foclor, oanalli, 17/8 
—Jag. oaoali, 17/17 
—vaHatfona, 2tf20 
Tin platizi^, 5/17 
Tipping tnmgtM, 18/7] 

Toe walk, 7/36; 17/M 
Tcnki, chemioal, I 673 O 
Tool ■taeJn, 15/10 
TooghnoM^ road metal, IS/SJ 



INIIBX 


f4 

Tm dnina, H 
Trackwa^B, ]J4^ l4l 

Tcactida fcm, Ig/M 
TrMtoT, IS/le 
Traffic Hpacity of roadi, 

—cluaifir«iio99, ia/|jS4 
—deomty, 18/S, ]« 

—£zigm«rriiig, 18/] 74 

-’Uiw. 18/3^ 141 

—liiMB, 18 /las 

—9r ialtAdi, 18/176 
worka, Hma, 19/81 
Traniition cctvm, 18/171 
—Ivi^gtha, lB/3, 17£, 17S 
Trap*, Bewtgty, 18/45v 47, ^ 
T™, «/U1; li/S ^ 

Trautwme formula, 7/H 
Trtotoent of pGvage, 1B/7B. 87, 

Treo-do^eT, l8/lfl 
Tree guards, IJ/B 
T^, planting, U/3. 9 
TialL* Weak, B/ 21 ; 20/14 
Tr*^, 8/118 

Pi|»«. 18/48 
IftBtIO bent pKfa, loyjl 
—.bridge,, iB/49 
TrickUng bed*, 18/2S 

8S, SS 

Tilling, e/H7, ito; 18^1 
eewn-, lo/ioi 
Truneea, ateel l]/t 
—. U>t»* o struts, 4/19 
timber. O/lj 

Turbjdily in 

•*■ «■ 

TwTwbp ia/5 

S~'s •ntmi, 1(;« 


u 

t/ltimate otrength, def., J/J 
Undemnded milt.. 8^7 
Uuifonb oo-efTlfitmt, 8/lflS 
UhifoRu Hov, def.. 17/5 
Uukmi, ptpn, 18/08 
Uawiu't Hdv formula, 15/47 
TTpllft, 7/7flj 11/0; 14/36; 19/37 
Urtuslf, 10/54 


f 

TtUeyi, rotiff. 11/23 
ValTM on pipes, 13/78, 81; lO/M,. 
■BO 

Vsmiihing, 7/12; 8/lM; lt/48.. 
66; 20/18 
Vsalt, T/1<M 
Veiiis, rtKk^ 12/24 
VekwitT of sppnaidi, 14/14, 80 
— in. eluumeli, 17/35, 110 

—4KI>0mieaI, in vistor msin^ 
16/47 

—b«nd^ 14/36 
—tfl movs tloiXM, n/28 
—obMrvstion of rivnx 17/47 
retreat, 14/35 

—^vde fur nbaerrstiun, 17/50 
«[f cleansing, 10/12 
—, »wers, 10/56, 36, 37 
Vena Dontracta, 14/35 
Vent pjp*, 10/50 
Ventilakng shufl, 10/46 
Vent-way, 10/01 
V.noteh; 15/106 
VentilsUo(U of building 7/00 
'—cf hoaee drsinsge, 10/48 
'—of iOwieri* 10^43 
Venlnri ritunefl. 14/30; 1T/U 8 
—metera, 14/30; 15/82; 17/1IB 
—tubes, 14/30 
Verge, roofs, I ] / 26 
3*Bnnuclo's formuls, 17/167 
Vortiosl curves, IS/164 
Viaduct, 10/31, 07 
Vibmlioos, 0/67; 21/30 
Vibrating concrete, 8/7l> 76* IIS 
tiest's neodlu, S/83 
Viseomettn-, lB/01 
Vwjusiiy of tar, lB/61 


Void* in agpngnt*. 

def,ril/2 

Tolute pump, 15/90 

Von Wogner • formal*, 17/48 


Wiling bonrds, 16/28 
Woll», 

»brick. oommoo. 7/16 
^ —reinforced, 8/160 
^Tity, 7/20 
eonereto, 8/70 
• ^irculnr, 7/24; 16/121 
..«roM. 7/17, M, 97 
M-dnmp, pointing. 12/60 
...dedgn of. 7/25; 9/lS: 21/14 
«->drop, 19/52 
boll^, 7/20 

w pooelled, 7/15, 21; 8/160 
^L— portitioD, 7/52, 58 
'sL_poroa*, 7/7 
^ —ret«ining, 7/85, 87, 48, 49 
^ —reretment, 7/47 

—ihickniees dreign, 7/15; 21/14 
—for eupporting trueeee, 9/18 
-wing, 7/42; 19/17, 22 
I Wall platea, 9/20 
Wash oaaine, 16/55 

pip^t 16/80, 81 
Waahing soda, 12/53 
Waetage of water, 15/88 
Waate pipct 16/60 
—weir, 17/14 
Vy y 

—oUowance for drinking, 15/86 

-for irrigation, 17/111 

—bearing atrata, 15/98 
—bound macadam, 18/8, 10, 
43. 148, 195 
_«arriage eyatem, 16/101 
—/cement ratio, 8/78, 76 
—eloaeta (w.e.), 7/67; 16/51 
^-eonaumption eatimatioo, 
16/85 

— —of important town*. 15/38 
—eoufoea, deaign, 17/8, 81 
—coahion, 14/16; 16/14, 48 
—diatribution. 16/85 
—di^u^Ti 16/98 
_for drinking, 16/8 


DC t6 

Water fall*. 22/6 

_glaaa, (aee S^iom Silicate) 

—hammer in pipe linaa, 15/46 
—impuritie* in, 16/8 
—h>r irrigation 15/6; 17/99, 102 
—logging. 6/9; 8/56; 17/20, !02. 

104; 18/25. 140 
—loa* by irrigation 17/82, 95 
—main*, deaign, 15/41, 47 
—meter*. 15/82 
—pip* llttinga. 16/56 
—preanire, 14/5 
—^fing, 7/4:8/101, 120, 138; 

11/81: 17/92 

—proof mortar*. 7/9; 8/121 

-plaster, 8/121 

-roof*, 11/81 

Water pump*. 15/86 
—purificaPon, 15/11; 21/38 
—retaining straeture*, 8/90, 91 
—aeal latrine* 16/61 
—abed, rainfall. 16/8, 101 
—aoftenJng, 15/10, 29 
—stop*. 8/66 

—.auitability for irrigation. 16/6; 

17/99. 102 

-for R. C. work*, 8/80 

—aopply, type*, 15/69 
—6/10; 15/97; 16/101; 

18/145 

—tank*. 7/87; 8/47, IfiO; 15/29 

-hot, 16/85 

-paints, 12/59 

—tap*. 15/88 
—tom. irrigation, 17/112 
—weed*. 15/4; 17/109 
—weight of, 14/2 
—welf*. 15/97. 100 
—^worka, deaign. 15/96 
Waterway* for bridge*. 19/5 
WatU. def.. 22/2 
Wave* in roaenroira, 17/68, 68 
Wax polish, 12/54 
Wearing course, 18/76 
—•urface, 18/19 
Weather boarding, 11/26 
Weathering, 7/100; 11/26 
Wearingleiiigtb,roiiDdiiho«ita, 18/5 
Wedge TTieory, earth. 7/88 
yffot, water, eradication, 17/101 
- 1 growth, 16/4 


f6 

^ INDEX 

WMp.holM, 7/48; I5/I2I; lO/lA wi^ ^ * 

***^^‘”** 8/97, ® 


loa 

Weight of U>«#4. 9/i« 
—cement, 8/87 
—ooncretc, wet, 8/116 
—mMonry, 6/49 
—truMee, 9/18; 11/6 
—cflt. 17/24 
—•oil, 6/49; 7/60 
—•keel •tmetaree, 21/82 
—weter, l4/2 

J7; 17/12.14, 186 
S***?*®** ^oee, 14/28 
Welding, 5/24; 15/27 
Welle, ourbe, 15/119; 19/18 
.founiUtions, bridgee, 19/12, 

—.open, 15/97, US 
—.•ewa^e. 16/61 
—,etMninga, 15/120 
—.•trainers. 15/118 

^"Tm^**”*** *“*'“*“*•» 18/148, 
Wet •ggregate, 18/100 

—welk, 16/89 
Wett^ perimeter, 14/20 
J^ng«pnt.wnot.. 8/189.168 
Sr**T* ••• ^orlw, 21/5 

I RC.. I8/I«, 

—fuarde. I9/4 
^reeke. 18/124, Ul 
White ante, 7/68 
••roent. 7/88 
—I^ed, 12/42 
—lime, 12/10 
—lin^t. road*. 18/188 

19/6 ^ paremente, ig/ug; 
Wujd^^reeeure, 7/25, 27; 71/8; 

Wing Welle, 7/42; I9/17 
Wi^ler-Bach formula, 8/28 
Wire eratea, 19/61 *'** 


»/M. Hi ”- 

—.barbed, 4/27 

—.^per, 22/10 

—.fencing. 4/26, 27; 21/17 
—fagm. 4/25 
—gmse. 9/82 
--«pee. 21/29 
Wred giaee. 12/63 

eyrtwne. 22/11 
Whitworth bolts, 4/22 
Wood pres er v a tiTea, 9/6 
Wooden bridges. 19/49 
JT®****^* 18/88. 85 

«<»««♦ . 8/72,77. 

Wor^ head. 14/86. 17/9, 80, 

Working stresses. 

—concrete, 8/10 
“ j^****^^P”*^^etruotaros, 

—iron stmotufes, 8/10 

•trootures. 7/4, 29, 

—•*••1 stmte, K>/4 
—timber, 9/28 
Workshop roof, 11/28 
wrought iron, 5/7 

-pipes, 15/73; 16/60 

X 

X-P.M., 4/40; 7/58, 60; 8/88; 9/26 
A-ray room design, 21/21 
-room plasur, 12/15 

^**16/108 *”*““** water, test, 

v!!K 8/1®. 18® 

Yield from wens, 15/108 
zoongs modulus. 3/6 

Z 

—ohloiide, 9/8 
—oxide, 12/42. 48 
12/49 

—tii^ 4/88 

-folphau, 7/8; 12/46 
water. 18/4 
“ ^ 18/4X U 
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